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FORMULATIONS FOR MEDTATTNG INFLAMM ATTniV 
AND FOR REDUCING BL OOD rTTOT lTSTTrpr^T 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a formulation for mediating 
inflammation, such as inflammation of the intestine or other tissues such as retina, retinal 
tissues or neural tissue. 

BACKGROUND OF THE INVENTION 

[0002] GangUosides are specialized siaUc acid-containing glycolipids abundant in the 
outer region of the neuronal Upid bilayer and intestinal brush border. The intestine 
contains a relatively high amount of ganglioside (as much as 7% of total Upids 
(Christiansen et al, 1981; Forstner et al, 1973). Change occurs in the composition and 
molecular structure of gangUosides during intestinal development (Bouhours et al, 1983; 
Glickman et al, 1976). Total intestinal lipids are comprised of 25 to 35% sphingolipids, 
including gangUosides and sphingomyelin (Christiansen et al, 1981; Forstner et al., 1973), 
and microvillus membranes are more enriched in gangUosides than the plasma membranes 
(Forstner et al., 1973). 

[0003] GangUosides are located at the surface of the cell membrane with the hydrophiUc 
oUgosaccharide chain extending into the extracellular space. Glycosphingolipid constitutes 
approximately 20% of the brush border membrane Upids (Forstner et at., 1973). The 
dominant gangUoside is GM3 which is 7 times more concentrated in the neonatal 
compared to adult intestine of rats (Bouhours et al, 1983). The specific physiological 
roles of gangUosides are poorly understood, however, studies showed that gangUosides 
provide binding sites for a wide range of pathogens including viruses, bacteria and fungi 
(Holmgren et al, 1985; Kyogashima et al, 1989; Laegreid and Otnaess, 1987; and 
Rolsma et al, 1998). For example, gangUoside GM3 acts as a natural receptor in pig smaU 
intestine for rotavirus (Rolsma et al, 1998) and the enterotoxigenic bacteria Escherichia 
coli (E. coll) K99 (Kyogashima et al, 1989). GangUoside GMl in human intestine 
(Hohngren et al, 1985) and in human milk (Laegreid et al, 1987) also provides receptors 
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for enterotoxin of Vibrio cholerae and the heat-labile B. coli, thereby acting as a 
physiological barrier for protection against these enteric infections. 
[0004] Previous studies showed that gangliosides exist in clusters in the plasma 
membrane forming glycosphingoUpid enriched domains and that these domains are the 
preferential interaction sites between target ceUs and pathogens (Karlsson, 1995). Pretenn 
newborn infants fed gangUoside supplemented formula at a concentration of 1.43 mg/100 
Kcal, were shown to have significantly lower numbers ofE. coli and bifidobacteria in the 
feces (Rueda et al., 1998). 

[0005] During early development, important morphological changes occur in the total 
and relative amounts of gangUosides in neuronal tissues of the brain and retina (Asou et 
a/.,1989; Baumann et al., 1976; Daniotti et al., 1994). One of the primary roles of 
gangUosides is activation of neuronal cell differentiation and proliferation (Ledeen et al., 
1998), influencing synaptogenesis and neuritogenesis (Byrne et al, 1983; Svennerhohn et 
al., 1989) and offering protection against neuronal injury (Guehnan et al., 2000; Mohand- 
Said et al., 1997). Functions in the mtestinal mucosa involve toxin receptors of bacterial 
and viruses (Thompson et al., 1998; Rolsma et al., 1998) and immune activators (Vazquez 
et al., 2001), Radiolabeling studies have shown that exogenous gangliosides and 
sphingomyeUn are hydrolyzed by enterocyte membrane-bound enzymes such as 
sphingomyeUnase and/or ceramidase (Merrill et a/.,1997; Schmelz et al., 1994; Nilsson, 
1968). Metabolites such as ceramide, ceramide-1 -phosphate, sphingosine, and 
sphingosme-1 -phosphate are transported into enterocytes and reutilized m synthesis of 
gangUosides or sphingomyeUn or both (Merrill et al.,1997; Schmelz et al., 1994). Smce 
gangUosides and sphmgomyeUn are incorporated into Upoproteins and chylomicrons (Kara 
et al., 1987; MeiriU et al., 1995), dietary gangUosides, sphingomyelin and/or their 
intestinal metaboUtes are likely to be transported throughout the body to affect 
sphingoUpid biosynthesis in other organs (Vesper et al., 1999). Studies have suggested a 
possible interaction between sphingoUpids and phosphoUpids (Merrill et al.,1997', 
Schmelz et al., 1994; Ogura et al., 1988). Sphingosine- 1 -phosphate is metabolized into 
ethanolamine phosphate and hexadecanal, both prerequisite materials for phosphoUpid 
synthesis (MerriU et al.,1997; Schmelz et al., 1994). Radiolabeled gangUoside 
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[^sphingosine-GMl when injected intraperitoneaUy into mice was incorporated into 
hepatocyte phospholipids in the EPL fonn (Ogura et al, 1988). 

[0006] Ether Pliospholipids. To date, there has been no research investigating whether 
dietary ganghosides can be used for synthesis of EPL in the intestine or influence EPL 
synthesis in neuronal tissues. EPL have an ester linkage at the sn-2 position, but have an 
ether Unkage, either to an alkyl or alkenyl group, at the sn-1 position. EPL tend to be 
enriched, in mammaUan intestinal and neuronal ceUs (Paltauf, 1972). One type of EPL 
known as plasmalogens (a group of l-O-alkenyl-2-acyl-glycero-phospholipids). accounts 
for about 75% of ethanolamine phosphoglycerides (EPG) m myelin of rat brain, 65% of 
EPG in human brain (Horrocks, 1972) and 12% of EPG m rat intestinal mucosa (Paltauf, 
1972). High content of EPL may contribute to maintenance of ceil integrity and function 
(Alonso et al, 1997; Bittman et al, 1984; Diomede et al, 1993; Honma et al, 1981; 
Mavromoustakos et al, 2001; Oishi et al, 1988; Paltauf. 1994; Principe et al, 1994; 
Seewald et al, 1990; and Zheng et al, 1990). EPL can affect membrane properties such as 
pemieabiUty (Bittman et al, 1984) and fluidity (Paltauf, 1994). EPL influence signal 
transduction to many metaboUc pathways by protein kinase C (PKC) (Zheng et al, 1 990), 
Na-K-ATPase (Oishi et al, 1988), inositol-Upid turnover (Seewald et al, 1990), and 
mtracellular calcium (Alonso et al, 1997). EPL induce cell apoptosis (Alonso et al, 
1997), cytotoxicity (Diomede et al, 1993; Honma et al, 1981), and antitumor activity 
(Mavromoustakos et al, 2001; Principe et al, 1994), which could have potential in anti- 
cancer applications. Selective cytotoxic effects of EPL is dependent on membrane 
cholesterol amount (Diomede et al, 1990). For example, HL60 cells with a high 
cholesterol content show lower uptake of EPL into membranes, resulting in decrease in 
membrane fluidity (Diomede et al, 1990) and higher rates of apoptosis (Diomede et al, 
1993). Alkyl-lysophosphoUpids exhibit strong selective cytotoxicity in leukemia cells but 
not in normal bone marrow cells (Honma et al, 1981). 

[0007] Ganghosides and EPL may perform similar functions. For example, both of these 
types of lipids locahze in neuronal (Byrne et al, 1983; Svennerhohn et al, 1989; and 
Horrocks 1972) and intestinal tissues (Forstner et al, 1973; Paltauf, 1972). Both 
ganghosides and EPL exhibit anti-cancer effects (Mavromoustakos et al, 2001; Principe 
et al., 1994; Schmelz et al, 2000) and contribute to cell differentiation (Ledeen et al. 
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1998; Honma et al, 1981) and apoptosis (Diomede et al, 1993; Malisan et al., 2002). 
GangUosides and EPL are sensitive to membrane cholesterol content (Diomede et al., 
1990; Blank et al., 1992). 

[0008] In American diets daily intake of SPL (including gangliosides and 
sphingomyelin) is about 300 mg (Vesper et al., 1999) and daily intake of EPL is about 1 
mg per gram of food (Berger et al., 2000). Neonates consume SPL and EPL from mothers 
milk (Diomede et al., 1991). but the metabolic interaction between dietary SPL and EPL is 
not known. 

[0009] Cholesterol reduction in membranes causes increased EPL uptake (Diomede et 
a/.,1990; Leikin et al., 1988) and increased activity of A-5 and A -6 desaturase enzymes 
(Clandinin et al., 1991). Dietary gangUosides may increase total membrane EPL content 
and accompanied with higher polyunsaturated fatty acid (PUFA) in subclasses of EPL. 
Sphingomyehn can be used as a control to compare bioavailability with gangliosides 
because sphingomyelin and gangUosides have the same ceramide molecule anchored in 
the cell membrane, but attached to a different head group. Using rats, the present data 
illustrated herein demonstrates that dietary ganghoside increases total content and 
composition of EPL containing PUFA in the developing intestine. 
[0010] Microdomams. Microdomains, generally called lipid rafts, caveolae, or 
glycosphingoUpid-signaling domains, have been characterized as important domains for 
signal transduction and Upid (i.e. cholesterol) and protein trafficking (Anderson. 1998; 
Brown era/.. 1998; Hakomorie/ a/., 2000; and Simons era/. 1997). Microdomains are 
recently known as a site for the cellular entry of bacterial and viral pathogens (Fantini. 
2000; Katagirier al, 1999; and Bavari et al, 2002). For instance, the entry of filoviruses 
requires Upid rafts as the site of virus attack (Bavari et al, 2002). Cholera toxin entered 
the ceU by endocytosis GMl as the sorting motif necessary for retrograde trafficking into 
host ceUs and such trafficking depends on association with Upid rafts (Wolf er al, 2002). 
[00111 Physiological and functional roles of microdomains are dependent on cholesterol 
and sphmgoUpids including gangUosides. Reduction of cholesterol inhibits pathogen entry 
by disrupting the structure of microdomains (Popik et al, 2002; Samuel et al, 2001) and 
impairs inflammatory signalUng (Wolf er al, 2002; Triantafilou et al, 2002). Cholesterol 
upregulates the expression of caveoUn. amarker of protein for caveolae (Fielding et al. 



wo 2004/087173 



PCT/CA2004/000375 



1997; Hailstones et aL, 1998). SphingoUpid depletion inhibits the intracellular trafficking 
of GPI-anchored proteins and endocytosis via GPI-anchored proteins (BCasahara et al, 
1999), suggesting that Upid-protein interaction directly modulates gene expression and 
cellular trafficking important for cell development and behaviour. 

[0012] The neonatal intestine has permeable, endocytic and enzymatic transport systems 
for absorption of nutrients and immunoglobulins (Moxey et a/.,1979; Wilson et al, 1991) 
but is susceptible to pathogen entiy because of higher permeabiUty than that of adults 
(Koldovsky 1994). ffigh amount of gangUosides in mothers' milk during the neonatal 
period therefore act as a receptor for viral and bacterial toxins to protect entry of 
pathogens mto enterocytes (Rueda et al, 1998). During development, membrane 
permeability graduaUy decreases (Koldovsky 1994) while peptidases and glycosidases 
become functionally active and enriched in microdomains (Danielsen et al, 1995). Many 
digestive/absorptive enzymes, such as alkaline phosphatase, aminopeptidase N and A, and 
sucrase-isomaltase are also increased in apical membrane microdomains (Stuhiig et al, 
2001). These results seem to suggest the importance of microdomains of intestinal apical 
membranes for nutrient uptake and metabolism. 

[00131 Polyunsaturated fatty acids (20:5n-3 or 22:6n-3) can accumulate in 
microdomains and displace functional proteins by changing the lipid composition of the 
microdomain (Stuhiig et al, 2001; Williams et al, 1999). This observation highUghts the 
importance of dietary Upids in modulating physiological and biological properties of 
proteins in the microdomain. Little is known of how dietary gangUosides affect the lipid 
profile and protein components of microdomains during neonatal gut development. 
[0014] Some previous studies have suggested that cholesterol depletion inhibits 
inflammatory signaling by disnqjting microdomains stiiichtte (Wolf ef al, 2002; Samuel 
et al., 2001; Triantafilou et al, 2002). However, it has not been evaluated whether diet- 
induced cholesterol reduction has any effect on decreasing cholesterol in the microdomain, 
disrupting microdomain stiructure and reducing pro-inflammatory mediators such as 
diglyceride (DG) and platelet activating factor (PAF). DG derived from phospholipids by 
phosphoUpase C, bmds to protein kinase C (PKC) to phosphorylate targeted proteins, such 
as the epidermal growth factor receptor and DG resides in microdomains (Sciotra et al, 
1999; Smart et al, 1995). The instant invention assesses these effects. 
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[0015] PAF, l-0-alkyl-2-acetyl-sn-glycero-3-phosphoiylcholine, stimulates 
inflaimnatory ceUs such as leukocytes (Prescott et fl/.,.1990) and activates phosphoUpase 
A2 (PLA2) in the intestinal tissue to release arachidonic acid (Okayasu et al, 1987). 
Meanwhile, increased lyso-PC by PLA2 is further used for PAF synthesis with an 
acetylcholine transferase. PAF binds its receptor to increase intracellular calcium and 
inositol triphosphate (IPS) production and PKC activation for inflammation (FHcldnger et 
al, 1999). It is unknown if PAF also localizes m the microdomain. Since several studies 
reported that sphingomyelin (SM), a sphingoUpid, has an inhibitory effect on PLA2 
activity (Koumanov et al, 1997), it was of interest to detennine if dietary gangUoside also 
decreases PAF synthesis either by increasing sphingoUpids or by disrupting microdomains 
structure in developing intestine. We also examine if dietary gangUoside reduces DG 
content in the microdomain since sphingosine, a derivative of sphingolipids inhibits PKC 
signaling which is required a structural complec with DG. 

[00161 Neonates consume SPL including gangUosides from mothers milk (Carlson 
1985; Berger et al, 2000). GangUosides are known to act as receptors for viruses and 
toxins (Laegreid et al., 1987; Rolsma et al, 1998), activators for T-cells (Ortaldo et al, 
1996) and stimulators for Th-1 and Th-2 cytokine-secreting lymphocytes in neonates 
(Vazquez et al, 2001). GangUosides are also one of the major lipid components in 
microdomains. It is not known if dietary gangUoside changes the Upid profile and 
structure of the intestinal microdomain and modulating inflammatory signalUng 
mechanisms in the developing intestine. Thus the objective of the present study was to 
determine if dietary gangUoside increases gangUosides and decreases cholesterol and 
caveoUn content in the intestinal microdomain leading to disruption of microdomain 
structure and anti-inflammatory signals m the developing gut. 

[00171 It is desirable to find a compound, a class of compounds, or composition active 
in mediating inflammation. It is also desirable to find such compounds or compositions 
tiiat is natiirally occurring in tiie food supply, so as to more easily meet with pubUc 
acceptance. 

[0018] Further, it is desirable to find a compound, a class of compounds, or composition 
active in mediating inflammation. Advantageously, such compounds or compositions 
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wo»M be naturally ooo.^U.B.e6od supply, so a.tomoreeasiIym«twitt.pubUc 
acceptance. 
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[00216] Abbreviations used herein me as follows: 

[00217] CPG: Choline phosphoglycerides; DG: diacylglycerol; E. CoU: Escherichia coli; 
EPG: Ethanolamine phosphoglycerides; EPL: Ether phosphohpids; Gang-High: High 
concentration of gangUoside; Gang-Low: Low concentration of gangUoside; GDlb: HS 
(NeuAc)2-GgOse4Cer; GD3: GangUoside GD3 :tf (NeuAc)2-LacCer; GLC: Gas Uquid 
chromatography; GG: gangUosides; GMl: GangUoside GMl; NeuAc-GgOse4Cer; 
GM2: GangUoside GM2: NeuAc-GgOseaCer; GM3: GangUoside GM3: NeuAc- 
LacCer; LCPUFA: Long chain polyunsaturated fatty acids; LPC: lysophosphatidylchoUne; 
LPE: lysophosphatidylethanolamine; MUFA: monounsaturated fatty acids; NANA: N- 
Acetyl neuraminic acid; PAT: platelet activating factor, PBS: Phosphate bufiFered saUne 
solution; PC: phosphatidylchoUne; PE: phosphatidyl ethanoloamine; PI: 
phosphatidyUnositol; PKC: Protem kinase C; PL, phosphohpids; PS: phosphatidylserine; 
PUFA: polyunsaturated fatty acids; SEM: Standard error of the mean; SFA: Saturated 
fatty acids; sIgA: Secretory immunoglobuUn A; SM: sphingomyeUn; SPL: Sphingolipids; 
TG: Triglyceride; and TLC: Thin layer chromatography. 

SUMMARY OF THE INVENTION 

[00218] It is an object of the present invention to provide a formulation, including a 
compound, a class of compounds or a composition active in the mediation of 
inflammation, particularly inflammation of the intestinal, retinal or neural tissue. Such 
mediation of inflammation can decrease cholesterol absorption. 
[00219] According to embodiments of the invention, a formulation is provided that is 
effective in mediating inflammation, including inflammation of the intestine, retina or 
neuronal tissue. Further, according to an embodiment of the invention, a formulation is 
provided for reducing blood cholesterol level. The formulations according to the 
invention may include a gangUoside such as GD3, GMl, GM2, GM3, GDlb, NANA, and 
siaUc acid. 

[00220] Embodiments of the invention also relate to a method for mediating 
inflammation and a method for reducing blood cholesterol in a subject in need thereof, 
comprising the step of providing at least one gangUoside to the subject for oral 
consumption. Uses of at least one gangUoside for preparation of a medicament for oral 
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consumption to mediate inflammation and to reduce blood cholesterol in a subject in need 
thereof are also encompassed by the invention. 

[00221] Other aspects and features of the present invention will become apparent to those 
ordinarily skilled in the art upon review of the following description of specific 
embodiments of the invention in conjunction with the accompanying figures. 

BRIEF DESCMPnON OF THE DRAWINGS 

[00222] Embodiments of tiie present invention will now be described, by way of example 
only, with reference to the attached Figures, wherein: 

[00223] Figure 1 illustrates the ratio of SFA to MUFA (white columns) and SFA to 
PUFA (black columns) in alkenylacyl-, alkylacyl- and diacyl subclasses in CPO in 
intestinal mucosa of animals fed control or treatment diets. 

[00224] Figure 2 illustrates the ratio of SFA to MUFA (white columns) and SFA to 
PUFA (black columns) in alkenylacyl-, alkylacyl- and diacyl subclasses in EPG in 
intestinal mucosa of animals fed control or treatment diets. 

[00225] Figure 3 shows the fatty acid composition of alkenylacyl, alkylacyl and diacyl 
subclasses in CPG in intestinal mucosa of ammals fed control diet or treatment diets. 
[00226] Figure 4 shows the fatty acid composition of alkenylacyl, alkylacyl and diacyl 
subclasses in EPG in mtestinal mucosa of animals fed control diet or treatment diets. 
[00227] Figure 5 shows total content of GG (A), SM (B) and cholesterol (C) in intestinal 
microdomains after feeding dififerent diets for 2 wks. 

[00228] Figure 6 illustrates total content of GD3 (A) and PAF (B) in intestinal 
microdomains after feeding drfiferent diets for 2 wks. 

[00229] Figure 7 shows the ratio of cholesterol/GG (A) and cholesterol/SM (B) in 

intestinal microdomains after feeding different diets for 2 wks, 

[00230] Figure 8 shows caveolin content determined by western blotting (A), and the 

intensity of blots (B) in intestinal microdomains fed control diet or treatment diets for 2 

wks. 

[00231] Figure 9 illustrates the total content of a) gangliosides and b) phosphoUpids in 
the retina of control and treatment groups. 

[00232] Figure 10 illustrates immunofluorescent detection of GM3 locaUzation. 
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[00233] Figure 11 illustrates immunofluorescent detection of GD3 localization. 
[00234] Figure 12 shows the effect of dietary treatment on total content of gangliosides 
in (A) the intestinal mucosa, (B) plasma and (C) brain for animals fed either the control or 
experimental diet for two weeks. 

[00235] Figure 13 iQustrates the eflfect of dietary treatment on cholesterol content in (A) 
the intestinal mucosa, (B) plasma and (C) brain of animals fed either the control or 
experimental diets for two weeks. 

[00236] Figure 14 shows the effects of dietary treatment on the ratio of cholesterol to 
gangUoside in (A) the intestinal mucosa, (B) plasma and (C) brain of animals fed either 
the control or experimental diets for two weeks. 

[00237] Figure IS illustrates the composition of GM3 and GD3 in microdomains of rat 
intestine. 

[00238] Figure 16 illustrates the composition of PAF and DG in microdomains of rat 
intestine. Both PAT and DG are reduced with a GG diet. 

[00239] Figure 17 illustrates the caveolin content of microdomains for animals fed a 
control, PUFA or GG diet. 

[00240] Figure 18 illustrates that feeding a diet high in ganglioside resulted ui decreased 
plasma cholesterol and triglyceride. 

DETAILED DESCRIPTION 

[00241] Generally, the present invention provides a formulation for mediating 
inflammation, for example, inflammation of the intestine, of the retina, or of neural tissue 
other than the retina. Further, a formulation is provided for lowering blood cholesterol. 
[00242] The invention is based in the discovery of a gangUoside containing composition, 
such as a milk derived dietary component, that alters inflammation mediators and has an 
effect in cholesterol lowering. Infiammation mediation occurs particularly in the intestine, 
the retina or other neural tissue. The mvention is also particularly useful in treating or 
preventing inflammatory diseases and in reducing blood cholesterol levels, possibly 
through decreased intestinal absorption of cholesterol. 

[00243] According to embodiments of the invention, a formulation is provided that is . 
effective in mediating inflammation. Inflammatory states to be mediated include 

-16- 



wo 2004/087173 



PCT/CA2004/000375 



infl a mmati on of the intestine, retina or neuronal tissue, and by "mediating" it is meant 
preventing or Ijreating an inflammatory disease. For example, such diseases may include 
inflammatory bowel disorders, disorders arising from allergic responses, and diseases 
involving epithelial surface responses. Gastroenteritis, enteric infections, enterocolitis, 
and necrotizing enterocoUtis are all examples of such inflammatory conditions tiiat may be 
alleviated according to flie invention. Infants may be particularly susceptible to such 
conditions. 

[00244] .According to an embodiment of the invention, a formulation is provided for 
reducing plasma cholesterol level. 

[00245] The formulations according to the invention may include a ganglioside such as 
GD3, GMl, GM2, GM3, GDlb, NANA, and siaUc acid. The formulation may be in the - , 
form of a supplemented Uquid or food, such as infant formula or infant foods. An 
exemplary formulation may a total ganglioside composition made up of the following 
individual components: about 80% GD3, 9% GDlb, and 5% GM3 on a weight/weight 
basis. A fiirther exemplary formulation may have one predominant ganglioside, for 
example: GD3, GMl, GM2, GM3, GDlb, NANA, and siaUc acid, that comprises more 
than 50% of the total ganglioside content. 

[00246] An embodiment of the invention also relates to a method for mediating 
inflammation in a subject in need thereof comprising the step of providing at least one 
gangUoside to the subject for oral consumption. The use of at least one gangUoside for 
preparation of a medicament for oral consumption to mediate inflammation in a subject in 
need thereof is also encompassed by an embodiment of the invention. 
[00247] Further, an embodiment of the invention encompasses a metiiod for reducing 
blood cholesterol in a subject in need thereof comprising the step of providing at least one 
gangUoside to the subject for oral consumption. AdditionaUy, the invention provides for 
the use of at least one gangUoside for preparation of a medicament for oral consumption to 
reduce blood cholesterol in a subject in need thereof 

[00248] Experiments were done to assess the effects of dietary gangliosides, for example: 
components isolated from milk, on a variety of parameters indicative of or causal in 
mediating an inflammatory or anti-inflammatory response. These experiments lead to the 
identification of gangUosides responsible for prophylactic and/or tiierapeutic effects. 
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[00249] According.to the invention, a ganglioside fraction, for example a fraction derived 
from milk, herein referred to as 'Traction A" may be used. Other sources of gangUosides, 
such as from dairy products or synthetia sources, may also be used in preparing the 
formulations according to the invention. 

[00250] The dosage amount of the gangUoside formulation according to the invention 
that may be used for oral delivery can easily be determined by one of skill in tiie art. A 
daily or one-time only minimum dosage may be from microgram to miUigram quantities. 
A higher level may have a greater effect where tiie exposure and hkelihood of ixifection is 
increased. A formulation in food or fluid form having from 1 'to 1000 ppm of one or more 
ganglioside can be delivered to a subject in need tiiereof A concentration felling outside 
of this range may also be used, and no upper limit is required because tiie formulation does 
not display toxicity, and is not know to be toxic. 

[00251] To accomplish an inflammation mediating effect or a cholesterol lowering effect, 
a typical dosage for adults may be from about 100 mg to about 1 g of ganglioside per 
person per day, based on an adult body weight of about 70 kg. However, it is possible to 
deUver gangUosides in a quantity outside of tiiis range, for example from about 10 mg to 
about 10 g may be effectively delivered to an individual in need thereof 
[00252] For an infant having a typical body weight of about 3.5 kg, a level of 
gangUosides that may be deUvered in order to accompUsh an inflammation mediating 
effect may range from about 10 to about 50 mg per day per infant. However, it is possible 
to deUver gangUosides in a quantity outside of tiiis range, for example from about 1 mg to 
about 100 mg may be deUvered in order to accompUsh an inflammation mediating effect. 
[00253] Fraction A may be prepared by crude processes, or may be obtained 
commerciaUy from a source such as New Zealand Dairy, New Zealand. Fraction A is of 
variable Upid composition, for example, aj^roximately 80% GD3; 9% GDlb, and 5% 
GM3 by weight, the remaining 6% being comprised of other gangUosides. Fraction B, 
higher in GM3 can also be prepared depending on the milk used for gangUoside isolation. 
[00254] Other molecular forms of this complex lipid may be derived, according to tiie 
invention, witii similar or even greater bioactive characteristics. According to one possible 
composition of tiie formulation used in the instant invention, tiie fraction may contain one 



-18- 



wo 2004/087173 



PCT/CA2004/000375 



or more gangliosides, such as for example GD3, GMl, GM2, GM3, GDlb, NANA; and 
sialic acid and is bioactive against Giardia producing very high kill rates. 
[00255] Certain components of the formulation of the invention can be isolated from 
components of the present food supply, and thus would not need "drug" approval to be 
added to or to enriched new foods. 

[00256] Ganglioside supplementation, or supplementation of a lipid fraction containing 
gangHoside can be used to supplement or fortify existing foods, such as in infant formulas, 
baby foods, baby cereals, and follow-on formulas which may be used for children up to 
about 18 months of age. Further, supplementation may also be useful in juices or other 
fluids packaged particularly for toddlers or older children, or in cereals as a coating or 
powdered sprinkle. Such foods may advantageously be those which are appealing to 
children, as this could be used to freat or prevent inflammatory disease at an early age, or 
to mediate inflammation. 

[00257] Foods appealing to adults may also be supplemeaated or fortified with 
gangliosides or ganglioside-containing fractions in order to target individuals requiring 
mediation of an inflammatory response. The use of such foods, in treating or preventing 
inflammatory diseases or to lower blood cholesterol level, is also encompassed by the 
present invention. 

[00258] In addition to being supplemented into food, the formulation may be provided in 
a liquid, gel, powder, tablet, pill or capsule form. Tablet, pill or capsule form may appeal 
to older children and adults, and would avoid the need to consume a food or beverage. 
[00259] The supplement may also be added to pet foods or supplements, or to foods 
directed to other domesticated animals. In some instances, it may also be desirable to 
supplement the formulation to livestock. Such a use of gangliosides would be helpful in 
mediating an inflammatory response in animals in need thereof 

[00260] Example 1 

[00261] MUk Fraction A Containing Gangliosides 

[00262] Table 1 provides the composition of Fraction A, illustrating the amount of total 
lipid, calcium and lactose present in lOOg of Fraction A on a dry weight basis. The 
gangUoside and phosphoUpid content of the lipid fraction is broken down into specific 
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components. In Table 1, all abbreviations used are those defined previously, and 
additionally: %GG means percent of total gangliosides; %PL means percent of total 
phospholipids; x-1, x-2 and x-3 are gangliosides; LPC: lysophosphatidylcholine; SM: 
sphingomyelin; PC: phosphatidylcholine; LPE: lysophosphatidylethanolamine; PS: 
phosphatidylserine; PI: phosphatidylinositol; PE: phosphatidyl ethanoloamiae. 



Table 1 
Composition of Fraction A 



Fraction A lOOg 
Total Lipids(g) 23.00 



PL fas 'P) 



Neutral lipid 
Cholesterol 



(g) 




amt) 0.82 


(% GG) 


GM3 


4.50 


x-1 


4.60 


x-2 


0.80 


GD3 


79.90 


GDlb 


9.00 


x-3 


1.20 


M 




0.49 


(% PL) 


LPC 0.036 


7.3 


SM 0.013 


2.7 


PC 0.012 


2.5 


LPE 0.093 


19.0 


PS 0.149 


30.4 


PI 0.136 


27.8 


PE 0.050 


10.2 


0.49 


99.9 


0.04 




0.08 





Ca(a) 10.00 

Lactose(g) 65-70 

[00263] Example 2 

[00264] Separation of Gangliosides from Fraction A 

[00265] Fraction A, having the composition described above in Table 1, Example 1, was 

obtained and gangliosides were separated therefrom using the following method. The 

separated ganglioside fraction so obtained may be used in a supplementation regime 

according to the invention. Alternatively, individual gangUosides obtained from the 

separated fraction may be used in a supplementation regime according to the invention. 
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[00266] Total lipids were extracted fix>m the ganglioside enriched preparation of Fraction 
A using the Folch method (Folch and Sloane-Stanley, 1957). The gangUoside-containing 
vpper phase was transfeired and the lower phase was washed once with Folch upper phase 
solution (chlorofonn/methanol/water, 3/48/47 by vol.). The combined gangUoside- 
containing fractions were passed through Sep-Pak™ CI 8 reverse-phase cartridges (Waters 
Corporation, Milford, MA, USA), eluted with methanol and chloroform and methanol 2:1 
(v/v), and dried completely under vacuum at 23°C using a rotary evaporator. GangUoside 
(NANA) content was measured as described by Suzuki (1964). 

[00267] Examples 

[00268] Dietary Gangliosides Increase Content of Ether Phospholipids Containing 
20:4n-6 and 22:6n-3 in tite Rat Intestine 

[00269] In this Example, the effect of dietary gangUosides on the content of ether 
phosphoUpids (EPL) in intestinal mucosa was observed. Male Sprague-Dawley rats (18- 
day old) were fed a semi-purified diet consisting of 20% fat as a control diet. Two 
experimental diets were formulated by adding either 0.1% (w/w) gangliosides (GG diet) or 
0.2% (w/w) sphingomyelin (SM diet) to the control diet. Fatty acid methyl esters from the 
alkenylacyl, alkylacyl, and diacyl subclasses of phosphoUpids were measured to determine 
total and relative percentage of EPL comprising the choline phosphoglyceride (CPG) and 
ethanolamine phosphoglyceride (EPG) fractions. The GG diet was shown to increase the 
overall levels of EPL in both CPG and EPG in intestinal mucosa as weU as increasing the 
PUFA content of the EPL class, specifically in 20:4n-6 and 22:6n-3. As a result of the 
increase in PUFA content, the ratio of SFA to PUFA in both CPG and EPG was reduced 
in animals fed the GG diet. The effects of the SM diet were similar but of lesser magnitude 
than the GG diet. Enhanced EPL content may suppress carcinogenesis, inflammation and 
Upid oxidative processes in the developing intestine. 
[00270] Materials and Methods 

[00271] Animals and diets. The protocol for this study was approved by the Animal Care 
Committee at the University of Alberta, Canada. Male Sprague-Dawley rats (18-day old, 
40 ± 4.5g) were housed in polypropylene cages and maintained at a constant room 
temperature of 23°C and a 12 h light/dark cycle for 2 weeks. Animals had free access to 
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water and were randomized to be fed one of three semi-purified diets containing 20% 
(w/w) fat (Table 2). The composition of basal diet is reported elsewhere (Clandinin et al, 
1980). The fet in flie control diet was a blend of triglycerides reflecting the overall fat 
composition of an infant formula. Two experimental diets were formulated by adding 
.either sphingomyelin (0.2% w/w, Sigma, MO, USA; SM diet) or a gangUoside enriched 
lipid powder (0.1% w/w. New Zealand Dairy, New Zealand; GG diet) to the control diet. 
The ganglioside enriched lipid powder consisted of about 45-50% (w/w of total lipid) as 
phospholipid and 15-20% (w/w of total Upid) as ganghosides. The ganglioside fraction 
contained about 80% (w/w) GD3 and GDlb, GM3 and other ganghosides (9, 5 and 6% 
w/w, respectively). The fatty acid composition of experimental diets was quantitatively 
analyzed by gas Uquid chromatography (GLC, Varian Vista 3400CX). The fatty acid 
conq)osition was consistent among the three diets: 18:ln-9 (50%), 18:2n-6 (20%), 16:0 
(16%), 18:0 (8%), 18:3n-3 (2.8%) and other fatty acids (3.2%). The control diet and 
experimental diets provided an n-6 to n-3 ratio of 7.1. The cholesterol amount was low 
(<0.35%, w/w of total Upid). Overall the GG diet contained 19.6% triglycerides, 0.1% 
ganghosides, 0.2% phosphoUpid and 0.07% cholesterol (Table 2). Body weight and food 
intake was measured every other day throughout the experiment. 



Table 2 



Composition of experimental diets' 



Control SM 



GG 



Basal diet (g/lOOg) 80.0 80.0 



80.0 



Triglyceride 20.0 19.8 

Sphingomyelin - o.2 

Ganglioside 
Phospholipid 
Cholesterol 

' The composition of the control diet are referred 
representing an existing infant formiila. 



tr 

from Clandinin et al., 1980, 



19.6 



0.1 



0,2 



tr presents trace amount. 
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[00272] CoUection of intestinal mucosa. After anesthetizing animals with halothane, the 
small intestine Qejunum to ilemn) was excised. The intestine was washed with 0.9 % cold 
saline solution to remove visible mucus and debris, opened, and moisture was carefully 
removed. Intestinal mucosa was scraped ofiF with a glass sUde on an ice cold glass plate. 
All samples were weighed and kept in a -70°C freezer until used. 

[00273] Lipid extraction and phospholipid separation. Total lipid was extracted by using 
the Folch method (Folch et al., 1957). For extracting total Upid, the intestinal mucosa was 
washed twice with Folch lower phase solution (chlorofoim/methanoV water, 86: 14:1, • 
v/v/v). The lower phase Upid was pooled, dried and then dissolved in chloroform:methanol 
(2:1, v/v). Extracted lipid was ^plied onto pre-coated silica gel *H" thin layer 
chromatography (TLC) plates (Analtech, Newark, DE) and developed in the solvent 
(chlorofoim/methanoy2-propanol/0.25% KCl/triethylamine, 45:13.5:37.5:9:27, v/v/v/v/v) 
to separate individual phosphoUpid classes. After spraying with 0.1 % ANSA (anilino 
naphthalene sulfonic acid) and identifying CPG and EPG bands under UV light, the two 
bands were scraped into test tubes. 

[00274] Fatty acid composition and quantification. SoUd phases containing CPG and 
EPG were eluted with 5 mL of chloroform :methanol (2: 1) and then dried under N2. The 
dried phosphoUpids were dephosphorylated with phospholipase C (B. cereus, Sigma 
Chemical Co., St. Louis, MO) at 37°C for 2 hr in a solution of 1 mL diethyl ether. 4 mL 
17.5 mM Tris buffer (pH 7.3), and 1 .3 mL 1% CaCh (Bemett et al., 1985). After 
extraction of the hydrolyzed Upids with diethyl ether and petroleum ether, lipids were 
acetylated in 0.1 mL of pyridine with 0.5 mL of acetic anhydride at 80 °C for 1 hr. The 
acetylated derivatives of alkenylacyl, alkylacyl and diacyl phosphoUpids were extracted 
with chloroform/methanol (2: 1) solution , appUed onto a siUca gel high performance TLC 
plate (HPTLC, Whatman Inc. CUfton, NJ) and developed in petroleum ether: diethyl ether: 
acetic acid, (90:10:1, v/v/v) to a migration distance of 10 cm from the solvent line, 
foUowed by a second development in toluene (Holub et al., 1987). The plate was sprayed 
with ANSA and visuaUzed under UV light. Three subclasses of the CPG and EPG 
fractions screed from the plate were then methylated in 3N-methanoUc-HCl (Supelco, 
PA, USA) for 16 hr at 70»C with a known amount of heptadecanoic acid as an internal 
standard. The fatty acid composition of each of the six fractions was analyzed by GLC 
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equipped with a flame ionization detector and BP-20 fused capiUary column (SGE, 
Australia). The flow rate of heUmn gas was 1.6 mL/min and the oven, injector and 
detector temperatures were 200°C, 250°C, and 250''C, respectively. Since only acylated 
fetty acids (not ethers) can be converted to fatty acid methyl esters for GLC analysis, the 
i fetty acid amount measured in EPL only represents one-half of the total. Thus, this value 
was multipUed by two to have total and molecular percentage of EPL. 
[00275] Statistical analysis. The values were shown as means ± standard deviation from 
eight animals, with a few exceptions indicated. Significant differences between the control 
group and experimental groups were determined by one-way analysis of variance 
(ANOVA) with the SAS system. Effects of diet treatment were determined by a Duncan 
multiple range test at significance levels of P < 0.05, P < 0.01, P < 0.001 or P < 0.0001. 
[00276] Results 

[00277] Animal growth and intestinal mucosa. Initial body weight of animals, weight 
after two weeks of diet treatment was not significantly different between experimental and 
control groups. Intestinal mucosal weight and length was not affected by dietary treatment. 
Food consumption was also not influenced by diet treatment. 
[00278] Fatty acid content corresponding to allcenylacyl, alkylacyl and diacyl 
phospholipids in CPG and EPG. Animals fed the GG diet presented significantly higher 
amount of fatty acids firom alkenylacyl-CPG, alkenylacyl-EPG and alkylacyl-EPG in 
comparison with control animals (56%, 77% and 54% increases, respectively; Table 3). 
The highest change in fatty acid content relative to the control was observed in 
alkenylacyl-EPG (P<0.0008). In animals fed dietary gangliosides, a significant decrease in 
diacyl-CPG occurred, whereas no change was observed in diacyl-EPG. Animals fed the 
SM diet exhibited a similar increase in fatty acid content corresponding to alkylacyl-GPE, 
but no change occurred m the other subclasses of GPC and GPE. Jn the total fatty acid 
content of EPL (alkenylacyl and alkylacyl together), the GG diet produced significant 
increase, by 36% and 66% respectively, comprising CPG and EPG phospholipids in 
intestinal mucosa (Table 3). Feeding animals the SM diet only increased total EPL in EPG 
by 42% compared to control animals. 
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Tables 

Fatty acid .content of alkenylacyl, alkylacyl and diacyl subclasses in CPG and EPG from 
mtestinal mucosa of animals fed experimental diets' 



Subclass (ug/g tissue) 


Control 






GG 




Effect of 
















diet (P<) 


Total EPL-CPG^ 


31.8 ± 6.7" 


37.8 ± 


8.7* 


43.3 




8.2" 


0.05 


Alkenylacyl-CPG 


14.0 ± 3.6 " 


17.0 ± 


3.0* 


21.8 


± 


7.2" 


0.05 


AUcylacyl-CPG 


17.8 ± 3.9 


20.8 ± 


7.5 


21.5 


it 


4.8 


Diacyl-CPG 


1.86 X 

10^ ± 344 " 


1.61x10' ± 


469* 


1.22 X 
10' 


± 


306" 


0.01 


Total EPL-EPG 


68.1 ± 7.9" 


97.1 ± 


15.3" 


113 


± 


20" 


0.001 


Alkenylacyl-EPG 


34.4 ±7.7" 


45.2 ± 


14.5" 


60.9 


± 


12.3" 


0.0008 


Alkylacyl-EPG 


33.7 ± 4.4" 


51.9 ± 


10.6" 


51.8 


± 


10.7" 


0.0006 


Diacyl-EPG 


774 ± 99 


731 ± 


292 


801 


± 


174 





2 ^? ^' 5 <^°^trol. SM and GG group, respectively 

Fatty acid content of total EPL (alkenylacyl and alkylacyl together) in CPG or EPG 



[002791 Changes in relative amounts ofSFA, MUFA, andPUFA in alkenylacyl, 
alkylacyl and diacyl phospholipids comprising CPG and EPG classes. As PUFA levels 
in alkylacyl-CPG increased in animals fed the GG diet, there was a concomitant decrease 
in the ratio of SFA to PUFA in alkylacyl-CPG (2.6 versus 6.8, P<0.05; Figure 1). In 
contrast, in diacyl-CPG fractions, animals fed the GG diet exhibited an increase in the 
ratios of SFA to MUFA (5.3 versus 3.6, P<0.0007) and SFA to PUFA (1.5 versus 1.1, 
P<0.05). 

I00280J Figure 1 illustrates the ratio of SFA to MUFA (white columns) and SFA to 
PUFA (black columns) in alkenylacyl-, alkylacyl- and diacyl subclasses in CPG in 
intestinal mucosa of animals fed control or treatment diets. Values are means ± SD of 7. 8 
and 7 animals for the control, SM and GG diet, respectively. Letters represent a significant 
difference between groups at P<0.05, except for the ratio of SFA to MUFA in the diacyl 
subclass at P<0.0007. 
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[00281] Caianges in relative amounts of SFA, MUFA, and PUFA in the tbiee subclasses 
of EPG are iUustrated (Rgnre 2). In the GG diet group, alkenylacyl-EPG and alkylacyl- 
EPG exhibited significantly lower ratios of SFA to PUFA compared to the controls (0.6 
versus 1.3 for alkenylacyl-GPE, P<0.005, and 0.5 versus 1.2 for alkylacyl-GPE, P<0.05). 
There was also a decrease in the SFA/MUFA ratio (1.8 versus 2.5) in the alkylacyl group. 
Animals fed the SM diet exhibited a lower SFATPUFA in the both EPL subclasses 
compared to animals fed the control diet, but effects were more subtle than that of the GG 
diet. There was no observed efifect of SM or GG treatments on the diacyl-EPG class. 
[00282] Figure 2 shows the Ratio of SFA to MUFA (white columns) and SFA to PUFA 
(black columns) in alkenylacyl-, alkylacyl- and diacyl subclasses in EPG in intestinal 
mucosa of animals fed control or treatment diets. Values are means ± SD of 7. 8 and 7 
animals for the control, SM and GG diet, respectively. Letters represent a significant 
difference between groups at P<0.005, except for the ratio of SFA to PUFA in the 
alkylacyl subclass at P<0.02. 

[00283] Changes in relative composition of alkenylacyl, alkylacyl and diacyl 
phospholipids comprising CPG and EPG. Animals fed the GG diet exhibited higher 
levels of alkenylacyl-CPG (3.3% versus 1.6%) and alkylacyl-CPG (3.2% versus 2.1%) 
with conrespondingly lower levels of diacyl-CPG (93.5% versus 96.3%), compared to 
animals fed the control diet (Table 4). No effect of the SM diet was observed on the 
relative composition of CPG in the mucosa. Feeding animals the GG diet achieved higher 
levels of alkenylacyl-EPG (12.5% versus 7.4%) and alkylacyl-EPG (10.9% versus 7.3%) 
with correspondingly lower levels of diacyl-EPG (76.6% versus 85.3%), compared to 
animals fed the control diet. Animals fed the SM diet showed a relative increase in 
alkenylacyl-EPG, but the effect was less pronounced thm in those fed the GG diet. There 
was no effect of the SM diet on alkylacyl-EPG. Relative to total phosphoUpids, animals 
fed the GG ^et also exhibited a marked increase in total EPL (alkenylacyl and aUcylacyl 
together) firom 3.7% to 6.5% in CPG and from 14.7% to 23.4% in EPG (Table 4). Feeding 
the SM diet resulted in a relative increase in EPG, but not in CPG. 
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Table 4 

Percentage of alkenylacyl, alkylacyl and diacyl subclasses in CPG and EPG from 
intestinal mucosa of animals fed experimental diets' 

Subclass (%, w/w) Control SM . GG Effect of" 

= . . diet(P<) 

Total-EPL-CPG^ 3.7 ±0.8" 4.8dzl.l'' 6J±T8» 

Alkenylacyl-CPG 1.6 ±0.4'' 2.2 ±0.8* 3,3 ± 1.3" 

Alkylacyl-CPG 2.1 ±0.5" 2,6 ±0.6'* 3.2 ± 0.8" 

Diacyl-CPG 96.3 ±0.8'' 95,2 ± 1,1 « 93,5 ± 1.8" 



0.006 
0,05 
0.05 

0.007 



Total-EPL-EPG 14.7 ±1.6" 20.4±5.4« 23.4 ± 3.2 « 0.001 

Alkenylacyl-EPG 7.4 ±1.5" 10.2±2.l" 12.5 ± 1.4 » 0.0001 
Alkylacyl-EPG 7.3 ± 1.1 " 10.2 ± 3.7 * 10.9 ± 2.5 " 0.05 

Diacyl-EPG 85.3 ±1.6 » 79.6 ±5.4" 76.6 ± 3.2" 0.002 

Mean ± SD from 7, 8, and 7 animals, for the Control, SM and GG group, 
respecljvely. Percent of total EPL (alkenylacyl and alkylacyl together) rSative 
to totd phospholipids m CPG or EPG. Changes in fatty acid composition of 
alkenylacyl-, alkylacyl- and diacyl-CPG f 



[00284] Changes in fatty acid composition of alkenylacyl-, all^lacyl- and diacyl-CPG. 
In comparison with control animals, animals fed the GG diet did not show significant 
change in the fatty acid composition of alkenylacyl-CPG except for 14:1, which decreased 
(Figure 3). Animals fed the GG diet showed an increase in 20:4n-6 as compared to 
animals fed the SM diet. Decrease occurred in alkylacyl-CPG content of 18:0. 24:0 and 
24:1 for animals fed the GG diet as well as a distinct increase in 22:6n-3 (P<0.0007). The 
SM diet produced a decrease in 18:0 and an increase in 22:6n-3 content. In diacyl-CPG. 
higher levels of 16:0 and 18:0 and lower levels of 18:ln-9 and 18:2n-6 were observed i^ 
animals fed the GG diet compared to control animals. Similar trends in 16:0. 18:ln-9 and 
18:2n-6 were observed for animals fed the SM diet 

[00285] Changes in fatty add composition of alkenylacyl-, alkylacyl- and diacyl-EPG. 
The fatty acid composition of alkenylacyl-. alkylacyl, and diacyl-EPG in intestinal mucosa 
of animals fed experimental diets is iUustrated (Figure 4). Animals fed dietary 

-27- 



wo 2004/087173 



PCT/CA2004/000375 



gangliosides showed higher levels in alkenylacyl-EPG of 22:4n-6 (100% increase, 
P<0.001) and 22:6n-3 (71% increase, P<0.001) conqaaxed to controls, and lower levels of 
16:0 and 18:0. Animals receiving the SM diet exhibited a similar change in 22:4n-6, 
22:6n-3 and 16:0 fetty acid content, but the effect was smaller than observed for animals 
fed the GG diet. In alkylacyl-EPG, higher content of 20:4n-6, 22:4n-6, and 22:6n-3 (36%, 
87% and 77% increases, respectively) was observed in animals fed the GG diet with a 
considerable reduction of saturated fatty acids 16:0, 18:0 and 24:0 relative to animals fed 
the control diet. Li diacyl-EPG, dietary gangUosides increased the content of 20:4n-6 by 
36%, relative to controls. 

[002861 Changes in total SFA, MUFA andPUFA content of alkenylacyl-, alkylacyl- 
and diacyl-CPG. The fatty acid content of SFA, MUFA and PUFA in alkenylacyl-, 
alkylacyl-, and diacyl-CPG is shown (Figure 3). Feeding ammals the GG diet increased 
total PUFA content in alkylacyl-GPC, which rose by 63% compared to animals fed the 
control diet. No changes occurred in MUFA and SFA for this Upid subclass. Animals fed 
the GG diet had lower content of PUFA and MUFA and mcreased content of SFA in 
diacyl-CPG than observed for control animals. For animals given the SM diet, higher level 
of PUFA m alkylacyl-CPG lipids was found. These animals also exhibited lower MUFA 
and higher SFA contents in diacyl-CPG compared to controls. 

[00287] Changes in total SFA, MUFA and PUFA content of alkenylacyl-, alkylacyl- 
and diacyl-EPG. Animals fed the GG diet exhibited mcreased content of PUFA in the 
three EPG Upid subclasses compared to control animals, (mcrease of 41% in alkenylacyl, 
41% in alkylacyl and 30% m diacyl-EPG; Figure 4). The increase in PUFA content was 
accompanied with a decrease in SFA content in alkenylacyl and alkylacyl-EPG. No 
change was observed in MUFA in alkenylacyl, alkylacyl or diacyl phosphoUpids. Feeding 
of the SM diet also resulted m increased content of PUFA and decreased content of SFA 
in alkenylacyl-EPG and alkylacyl-EPG compared to controls. No effect of the SM diet 
was detected in diacyl-EPG. 

[00288] Changes in relative amounts of SFA, MUFA, and PUFA in alkenylacyl, 
alkylacyl and diacyl phospholipids comprising CPG and EPG classes. As PUFA levels 
m alkylacyl-CPG increased in animals fed the GG diet, there was a concomitant decrease 
m the ratio of SFA to PUFA m alkylacyl-CPG (2.6 versus 6.8, P<0.05; Figure 1). In 
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contfast, in diacyl-CPG fractions, animals fed the GG diet exhibited an increase in the 
ratios of SFA to MUFA (5.3 versus 3.6, P<0.0007) and SFA to PUFA (1.5 versus 1.1, 
P<0.05). 

[00289] Changes in relative amounts of SFA, MUFA, and PUFA in the three subclasses 
of EPG are illustrated (Figure 2). In the GG diet group, alkenylacyl-EPG and alkylacyl- 
EPG exhibited significantly lower ratios of SFA to PUFA compared to the controls (0.6 
versus 1.3 for alkenylacyl-GPE, P<0.005, and 0.5 versus 1.2 for alkylacyl-GPE, P<0.05). 
There was also a decrease in the SFA/MUFA ratio (1.8 versus 2.5) in the alkylacyl group. 
Animals fed the SM diet exhibited a lower SFA/PUFA ratio in the both EPL subclasses 
compared to animals fed the control diet, but effects were more subtle than that of the GG 
diet. There was no effect of SM or GG treatments observed on the diacyl-EPG class. 
[00290] Discussion 

[00291] Previous studies (Meirill et al, 1997; Schmelz et al, 1994; Ogura et al, 1988) 
showing a possible mechanism to convert gangUosides to EPL in vivo do not explain 
whether dietary gangUosides can be absorbed and then used for EPL synthesis. The 
present study confirms that dietary gangliosides can be utiUzed for biosynthesis of EPL in 
developing rat intestinal mucosa. There are two possible mechanisms which may explain 
this effect. Firstly, it is assumed that hexadecanal, a derivative of gangliosides, is directly 
utilized for the synthesis of EPL as a precursor of ether-linked fatty alcohols [Merrill et 
al, 1997; Schmelz et al, 1994]. This hypothesis is supported by a study showing that 
intraperitoneal injection of [^H]GM1, labeled at the C-3 position of sphingosine, is 
converted into alkylacyl-EPG in the mouse liver [Ogura et al., 1988]. Secondly, a 
possible indirect mechanism is that reduction of cholesterol in intestinal cells caused by 
dietary gangliosides may increase EPL synthesis or uptake. Earlier studies show that a 
decrease in cholesterol content mcrease EPL uptake in human leukemia cell lines 
[Diomede et al, 1990; Diomede et al, 1991]. Since experiments in our laboratory have 
shown a significant decrease in total cholesterol content in the intestine of animals fed the 
GG diet, it is logical to assume that dietary gangliosides may increase EPL synthesis by 
decreasing intestinal cholesterol content. 

[00292] Several studies have shown that EPL is enriched in neuronal tissues and may 
play a fimctional role in neuronal development [Horrocks et al, 1972; Hollan et al, 1998; 
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Sindelar et al., 1999; and Farooqui et al., 2000]. For example, EPL, especiaUy 
plasmalogen, dramatically increased during 3-90 days in rat cerebellum development 
[Leray et al, 1990] and within one year of birth in the human brain [Rouser et al., 1968]. 
Plasmalogen levels are also significantly higher during cell differentiation in NlE-1 15 
neuroblastoma cells [Murphy et al, 1993]. EPL is a major phosphoUpid present during 
synaptogenesis and myeUnation [Leray et al.,1990; Rouser et al., 1968] in which EPL 
may act as an endogenous antioxidant for membrane peroxidation [Smdelar et al., 1999; 
Farooqui et al., 2000; and Reiss et al., 1997]. The present results suggest that dietary 
gangUosides may enhance development of the enteric nerve system during neonatal gut 
development by providing a means, for increasing EPL content. 
[00293] Another possible impUcation of elevated EPL level is an effect on anti- 
inflammatory response. Alkylacylglycerol, an analogue of diacylglycerol (DG) which is 
derived firom EPL by phosphoUpase C (PLC), is known to have a potent inhibitory effect 
on Upoxygenase [Bauldry et al., 1988] and cytosoUc phospholipase A2 (cPLA2) activity 
[Nixon et al., 1997], both of which stimulate an mflammatory response. Alkylacylglycerol 
also decreases leukotriene B4 and 5-hydroxyeicosatetraenoic acid (5-HETE) production 
[Bauldry et al., 1991] by inhibiting PKC activity [Parker et al., 1987] compared to DG. 
GangUosides also inhibit PLA2 activity [Basavarajappa et al., 1997]. This hypothesis is 
supported by our recent shxdy demonstrating that dietary gangUosides decrease platelet 
activating factor (PAF) and DG in intestinal microdomains. Alkylacyl-phosphoUpids are 
mostly localized at the inner membrane [Record a/., 1984], Our results showing a 52% 
and 49% increase in the level of alkylacyl-CPG and-EPG, respectively, suggest that 
dietary gangUosides may enhance the inner localization of EPL. This locaUzation of the 
alkylacyl subclass of EPL at the inner membrane may influence anti-inflammatory 
response [Bauldry e/ a/., 1988; Nixon a/., 1997; Bauldry a/., 1991; and Parker a/., 
1987] by down-regulating cytosoUc enzymes and proteins, such as cPLA2 and PKC, 
known to be inflammatory mediators. 

[00294] Higher levels of PUFA in EPL in animals fed the GG diet may have resulted 
fiom a decrease in total cholesterol content in intestinal mucosa which is known to cause a 
corresponding increase of A-5 and A-6 desatiurase activities [Leikin et al., 1988]. Finding 
that dietary gangUosides promoted a higher level of 20:4n-6, 22:4n-6 and 22:6n-3 in EPG 
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raises the question of whether these PUFA may serve a particular function in the enteric 
nervous system as in other neuronal tissues. For example, 22:6n-3 protects retinal 
photoreceptors by delaying the onset of apoptosis and activates photoreceptor 
di£ferentiation, promoting opsin expression and inducing apical differentiation in these 
neurons [PoUt et al, 2001]. Supplementation of LC-PUFAs resulted in a resistance 
against NMDA-induced excitotoxic degeneration of cholinergic neurons in infant rats 
[Hogyesefa/., 2003]. 

[00295] The present study demonstrates that dietary gangUosides increase total and 
relative percentage of EPL and the PUFA content of EPL in intfestinal mucosa during 
neonatal development. These results suggest that dietary gangUosides influence gut 
development and protection by enhancing EPL content which may have a preventative 
role in carcmogenesis, inflammation, and Upid oxidation. Further investigation is needed 
to determine if dietary ganglioside also affects the synthesis of EPL in neuronal tissues 
such as brain, retina and liie myenteric plexus in the intestine. 

[00296] Example 4 

[00297] Diet-Induced a Decrease in the Ratio of Cholesterol to Sphingolipids 
Attenuates the Caveolin and Inflammatory Mediator Content in Microdomains of the 
Rat Intestine 

[00298] Membrane microdomains rich in cholesterol and sphingoHpids including 
gangliosides are known as ceUular binding sites for various pathogens. Cholesterol 
depletion mhibits the cellular entry of pathogens and also reduces inflammatory signals by 
disrupting microdomam structure. Our previous study showed that dietary gangUosides 
increased gangUosides while decreasing cholesterol in the intestinal mucosa. We 
hypothesized that diet-induced reduction in the cholesterol content in intestinal 
microdomains disrupts microdomain structure resulting in reduced pro-inflammatory 
signals. To test this hypothesis, Sprague-Dawley rats (18-day old) were fed semi-purified 
diets for 2 wks. The control diet contained 20% triglyceride. Experimental diets were 
formulated by adding either 0.1% gangUoside enriched Upid (GG diet, w/w of diet) or 
1.5%, w/w total fatly acids, polyunsaturated fatty acid (PUFA diet, 1% 20:4n-6 and 0.5% 
22:6n-3) as triglyceride to the control diet. The gangUoside enriched Upid contained 70- 
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80% GD3 among the total gangUoside fraction. Levels of cholesterol, gangUoside, 
caveoUn expression and pro-inflammatoiy mediators, platelet activating factor (PAF) and 
diglyceride (DO) was measured in microdomains. Feeding animals the GG diet increased 
GG and decreased cholesterol content in intestinal microdomains by 50% and 23%, 
respectively. These changes resulted in a significant decrease in the ratio of cholesterol to 
GG. Increased GD3 and decreased GM3 was found in the intestinal microdomains of 
ammals fed the GG diet in comparison to animals fed the control diet. Caveolin content 
was significantly reduced in animals fed the GG die/ along with reduction m PAE and DG 
content in the microdomain. Animals fed the PUFA diet also showed decreased 
cholesterol, caveolm, PAF and DG content in intestinal microdomains compared to 
ammals fed the control diet, without change occurring in the sphingolipid profile. It is 
concluded that dietary GG decrease the cholesterol/GG ratio, caveolin, PAF and DG 
content in microdomains and may have a potential anti-inflammatory effect during gut 
development. 

[00299] The objective of this example was to determme if cholesterol reduction in 
intestinal mucosa by dietary gangUosides consequently induces decreases in the ratio of 
cholesterol/sphingolipids, structural disruption of microdomains and ultimately attenuates 
the level of pro-inflammatory mediators in developmg gut. 
[003001 MATERIALS AND METHODS 

[00301] Animals and Diets. The experiments presented in this example were proved by 
the University of Alberta Animal Ethics Conmiittee. Male Sprague- Dawley rats (18-day- 
old, n=24), average body weight 41 .6 ± 1 .6 g, were randomly separated into 3 groups of 8 
with 2 or 3 rats housed in each polypropylene cage. Animals were maintained at a constant 
temperature of 23»C and a 12 h Ught/daric cycle. Animals had free access to water and one 
of three semi-purified diets containing 20% (w/w) fet for 2 weeks. The composition of the 
basal diets fed has been previously reported (Table 5) (Clandinin et al., 1980). Animal 
body weight and food intake were recorded every other day throughout the experiment. 
The control diet (CONT diet) fat was a blend of triglyceride, which reflected the fat 
composition of an existing infant formula. Fatty acids of the control diet (Jumpsen et al, 
1997) were composed of about 31% saturated fatty acids, 48% monosaturated fatty acids 
and 21% polyunsaturated fatty acids providing a ratio of I8:2n-6 to 18:3n-3 of 7.1. Two 
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experimental diets were fonnulated by adding either polyunsaturated fatty acids such as 
1% arachidonic acid (20:4n-6) and 0.5% docosahexaenoic acid (22:6n-3) (PUFA diet, 
1.5% w/w, Martek Biosciences, USA) or a gangUoside-enriclied Upid (GG diet, 0.1% w/w. 
New Zealand Dairy. New Zealand) to the control diet. GangUoside enriched Hpid 
consisted of abont 45-50% (w/w) phospholipids and 15-20% (w/w) gangUosides. The 
cholesterol content was negUgible" (<0.35% w/w total Upid). The gangUoside fraction 
contained about 80% w/w GD3 and GDlb, GM3 and other gangUosides (GM2, GMl and 
GTlb) was 9, 5 and 6% w/w, respectively. 

TABLE 5 
Composition of Experimental Diets' 

Diet Treatment Control "pUFA GG 

Basal diet(g/100g) 800 ioo SOO 

Triglyceride 20.0 20.0 19.6 



20:4n-6 



1.0 



22:6n-3 . q.S 

GangUoside - _ 

Phospholipid . . q2 

Cholesterol - _ 



2 



' ^oft^ xK°^??r °^ -5® ^^^^^ ''^^^ previously published (Clandininef a/.. 

inffof V . <^"?Position of the control fat blend is similar to that of an 

infant fomnula fat mixture (Jumpsen etal., 1997) 
^ tr presents trace amount. 

[00302] CoUection of Samples. After anesthetizing animals with halothane, the small 
intestine (jejunum to ileum) was excised. The intestine was washed with ice cold 0.9% 
saUne solution to remove visible mucus and dietary debris, opened and moisture was 
carefuUy removed with a paper towel to measure mucosa weight. Intestinal mucosa was 
scraped ofFwith a glass sUde on an ice cold glass plate. AU mucosa samples were kept in 
a -VO^C freezer until extraction. 

[00303] Sucrose gradient separation of microdomains. Intestinal microdomains were 
prepared by ultra-centiifugation of a discontinuous sucrose gradient agarashi et al, 2000). 
Intestinal mucosa was suspended with TME (1 OmM Tris-HCl, ImM MgCla, ImM EGTA) 
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solution containing ImM phenylmethyl sulfonyl fluoride, 0.001% w/v ^otinin and 2% 
v/v Triton X-100 for 30min in ice and homogenized with 15 strokes of a Bounce 
homogeniser with a tight-fitting pestle (Wheaton Scientific, USA). The homogenate was 
adjusted to 45% w/v sucrose by adding the equal vol of 90% w/v sucrose and then 
homogenized again with 5 strokes of the Bounce homogeniser. A 5-35% discontinuous 
sucrose gradient was overlaid on the homogenate in 45% w/v sucrose, which left a 45-35- 
5% sucrose gradient firom the bottom. After 16h centrifiigation at 70,000 x g at 4°C in a 
Beckman SW 28 Ti rotor, interface fraction between 5 and 35% sucrose was collected as 
the microdomain fraction. Microdomains were washed with TME solution and centrifiiged 
twice at 100,000 x g for Ih at 4°C to remove sucrose and Triton X-100. The pellet was 
resuspended in phosphate bufifer solution and used for protein and lipid analysis. 
Enrichment of microdomains was demonstrated by testing the amounts of cholesterol and 
gangUosides in the intestinal microdomain compared to the protein pellet which was 
soluble in detergent solution. In the intestinal microdomains, cholesterol content was 10 
fold higher compared to the detergent soluble proteins, hitestinal gangliosides were 
exclusively found in the microdomain compared to negative intensity in the detergent 
soluble protein pellet by a densitometry assay on TLC plates. 

[00304] Western Blotting for Caveolin Content Protein content from microdomains 
was measured by QuantiPro BCA™ Assay Kit (Sigma-Aldrich Co. MO. USA). ' 
Approximately 25 mg proteins were dissolved with SBS reducmg sample buffer and 
loaded onto 15% SBS-PAGE minigels. After transferring proteins onto nitrocellulose 
membrane (Amersham Pharmarcia Biotech, UK), membranes were blocked with 5% non- 
fat dried milk in TBS-T (20 mM Tris; pH 7.6; 137mM NaCl; 0. 1% Tween-20) for Ih at 
room temperature. The primary antibody (BB Biosceince, ON. CA). which specifically 
recognizes caveolin was diluted in TBS-T with 1% non-fet dried milk (1 : 1000) and 
incubated for 90 min at room temperature. The membrane was washed three times for 1 0 
min each time in TBS-T. The secondary antibody (goat anti-mouse IgG-HRP conjugate; 
Bio-Rad, CA. USA) was diluted in 1% non-fat dried milk in TBS-T (1 :2000) and 
incubated for Ih at room temperature. After washmg the membrane with TBS-T three 
times for 10 min each tune, the caveohn protein was developed by enhanced 
chemiluminescence (ECL) detection reagent according to the protocol suppfied by 
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Amersham Phannarcia Biotech. UK. Blot intensity of caveolin was measured from five 
animals from each diet group by using an Imaging Densitometer (Bio-Rad, CA. USA). 
[00305] Ganglioside Extraction and Punfication. Total lipid of the microdomain 
fraction was extracted using the Folch method (Folch et al, 1957). For extraction of 
gangUosides (Svemierhohn. 1964), the upper phase was coUected into a test tube and the 
lower organic phase was washed twice with the Folch upper phase solution 
(chlorofoim/methanol/wat^, 3/48/47 by vol.) to increase GG content isolated from the 
microdomain fraction. The upper phase gangUosides were pooled and purified by passage 
through Sep-Pak™ C-18 cartridges (Waters Corporation, Milford, MA. USA) prewashed 
with 10 ml of methanol. 20 ml of chlorofoim/methanol (2/1, v/v), and 10 ml of methanol 
as described by Williams and McCluer (WiUiams et al, 1980). The upper phase extract 
was loaded onto Sep-Pak C-18 cartridges. Cartridges were then washed with 20 ml of 
distiUed water to remove salts and water-soluble contaminants. GangUosides were eluted 
with 5 ml of methanol and 20 ml of chloroform/methanol (2/1, v/v), dried under Na gas 
and then redissolved with 500 ul of chloroform/methanol (2/1. v/v). GangUosides were 
stored at -TO^C until analysis. 

[00306] Analysis of Total and Individual Ganglioside Content, Total NANA of 
gangUosides was measured as described by Suzuki (Suzuki, 1964). An aUquot of the 
gangUoside sample purified using Sep-Pak C-18 cartridges was dried under N2 gas and 
dissolved with each of 0.5 ml of distiUed H2O and resorcinol-HCl (Svemierhohn, 1957) in 
screw-capped Teflon-lined tubes. The purple blue color developed by heating was 
extracted into butylacetate/butanol (85/15. v/v) solvent Optical density was read by a 
spectrophotometer (Hewlett Packard, 8452A) at 580 nm. For quantification, N-acetyl 
neuraminic acid (NANA; Sigma, MO. USA) was used as a standard and total gangUoside 
content is presented as NANA, 

[00307] Individual gangUosides were separated by SiUca gel high performance thin layer 
chromatography (HPTLC; Whatman Inc. CUfton, NJ, USA) usmg gangUoside standards, 
GM3, GM2. GD3 and bovine brain gangUoside mixture (Alexis. San Diego, CA, USA) in 
a solvent system of chloroform/methauol/0.2 % (w/v) CaCl2-2H20 (55/45/10, by vol.). 
Individual gangUosides were recovered and measured as described above. 
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[00308] Cholesterol Assay. Cholesterol analysis was completed with a test kit (Sigma, 
MO, USA). 

[00309] Analysis of Sphingomyelin (SM) and Platelet Activating Factor (PAF). Total 
Upid extracted from microdomains was appUed onto a siUca gel 'H' TLC plate using 
chloroform/methanol/2-propanoyo.2% KOH/triethylamine, 45:13.5:37.5:9:27, by vol) and 
a silica gel 'G' TLC plate (Fisher Scientific. CA) using chloroform/methanol/water, 
(65:35:6, by vol) for SM and PAF, respectively. Commercial standards of SM, PAF, and 
lyso-PC (Sigma, MO, USA) were also spotted on the plate for identification. After 
development, TLC plates were dried, sprayed with 0.1 % ANSA (anilino naphthalene 
sulfonic acid) and exposed under UV Ught to detect SM and PAF. Lipids identified were 
recovered and Upid phosphate was measured (Itoh et al, 1986). 
[00310] Analysis ofDigfyceride (DG). To measure DG content, extracted lipid was 
^plied onto a siUca gel 'G' TLC plate using a solvent system (petroleum ether/diethyl 
ether/acetic acid, 80:20:1, by vol). After TLC development, 1,2-DG and 1,3-DG were 
exposed to 0.1% ANSA and identified under UV light with commercial standards. 
Cholesterol was recovered with 1.3-DG together as 1,3-DG comigrates with cholesterol. 

1.2- DG and 1,3-DG were methylated with a known amount of heptadecanoic acid (C17:0) 
as an internal standard to measure the total fatty acid amount. To remove cholesterol from 

1.3- DG after methylation, fatty acid methyl esters (FAME) were applied onto a siUca gel 
'G' plate and developed with Toluene. Purified FAME was collected, extracted with 
hexane and injected into the gas hquid chromatograph (GLC, Varian Model 3400 CX, 
CA) to measure total fatty acid content in DG. The GLC was equipped with a flame 
ionization detector and a 25m BP-20 fiised capiUary column (SGE, Austraha). 
[00311] Statistical Analysis, Values shown are means ± standard deviation (SD). 
Significant difference between the control group and experimental groups was determined 
by one-way analysis of variance (ANOVA) with SAS. Significant effects of diet treatment 
were determined by a Duncan multiple range test at a significance level of p<0.05. 
[00312] RESULTS 

[00313] Animal Gramh and Tissues. The initial and final body weight of animals after 
2 weeks feeding of experimental diets was not significantly different among Control, 
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PUFA and GG groups. Intestinal mucosal weight and intestinal length was not affected by 
dietary treatment. Food consumption was not influenced by diet (data not shown). 
[00314] GangUoside Content and Composition. The effect of dietary gangUoside on 
total ganglioside content of intestinal microdomains ftom animals fed either the CONT or 
experimental diets for 2 weeks is shown (Figure 5-A). Animals fed the GG diet had 
higher gangUoside content in intestinal microdomains (up to a 50% increase; P<0.006) 
when compared to animals fed the CONT diet. 

100315] Figure 5 illustrates the total content of GG (A). SM (B) and cholesterol (C) in 
intestinal microdomains after feeding different diets for 2 wks. .Intestinal microdomains 
were prepared by a discontinuous sucrose density (5-35-45%) ultracentrifugation from' 
mucosa homogenates suspended by TME solution containing 2% v/v Triton-X 100. GG 
extracted from the Folch upper phase was purified by Sep-Pak C-18 cartridges and used 
for color densitometry analysis of total NANA content at 580 mn (Suzuki 1964). SM 
from the lower phase was identified on 'H' TLC plates in chlorofonn/methanol/2- 
propanol/0.2% KOH/triethylamine solvent system (45:13.5:37.5:9:27, by vol). Phosphate 
content in SM was measured by a known method atoh et al., 1 986). Cholesterol content 
was analyzed by using a test kit. NANA (P<0.006). phosphate (P<0.004) or cholesterol 
(P<0.02) content in the microdomain was presented as mg/mg protein. Data were 
presented as Mean ± SD with n=8 animals in each group. 

[00316] Animals fed dietary ganglioside significantly decreased GM3 composition in 
microdomains compared to animals fed the control diet (83.7% to 77.7%, w/w; Table 6) 
while GD3 increased from 4.4% to 8.3% (w/w; P<0.0008). These compositional changes 
in GM3 and GD3 were accompanied by a significant change in GD3 content (P<0.002; 
Figure 6-A) but not in GM3 content. GMl, GDla. GDlb and GTlb content was not 
changed by either diet fed (Table 6). Animals fed the PUFA diet did not exhibit change in 
either GG content or composition in microdomains from developing animals. The present 
result confirms tiiat dietary ganglioside significantly increased total GG content resulting 
in compositional changes such as decreased GM3 and increased GD3 in neonatal intestinal 
mucosa. 
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TABLE 6 

Composition of Gangliosides in Rat Intestinal Miorodomains Fed Either Control or 

Experimental Diets^ 



Diet Treatment 


Control 


PUFA 


GG 




Ganglioside ^ 








(%f 








GM3 


83.7 


± 




80.3 ± 4.0^" 


77.7 


± 


3.3" 


GM1 


2.7 


± 


0.7 


2.1 ± 1.9 


2.7 


± 


1.4 


GD3 


4.4 


± 


1.0" 


4.5 ± 1.4" 


8.3 


± 


2.1^ 


GD1a 


3.5 


± 


1.0 


3.6 ± 1.0 


3.5 


± 


1.2 


GDIb 


3.5 


± 


1.1 


5.6 ± 2.1 


4.2 


± 


1.9 


GT1b 


2.2 


± 


1.9 


3.9 ± 2.1 


3.5 


± 


0.5 



^ Values are means ± SD of 8 rats. Within a row, values with different superscript 

letters are significantly different at P < 0.02. 
^Nomenclature was referred from Svenneriiolm (Svennerholm 1964) 

Expressed as a % of total NANA in ganglioside fraction. 

Values are significantly different at P < 0.0008. 



(00317] Figure 6 shows total content of GD3 (A) and PAF (B) in intestinal 
miorodomains after feeding different diets for 2 wks. Intestinal miorodomains were 
prepared by a discontinuous sucrose density (5-35-45%) ultracentrifiigation from mucosa 
homogenates suspended by TME solution containing 2% v/v Triton-X 100. GG extracted 
from the Folch upper phase was purified by Sep-Pak™ C-18 cartridges. Individual 
gangUosides were separated by HPTLC in a solvent system of chlorofoim/methanol/0.2 % 
(w/v) CaCl2-2H20 (55/45/10, by vol.). GD3 was recovered and measm-ed as described 
(Suzuki 1964). Total lipid extracted from microdomains was applied onto a silica gel 'G' 
TLC plate using chlorofomi/methanoywater, (65:35:6, by vol) for PAF. Lipid identified 
was recovered and phosphate in PAF was measured (43). The amount of GD3 (P<0.01) 
and PAF (P<0.05) in the microdomain was presented as mg/mg protein. Data were 
presented as Mean ± SD with n=8 animals in each group. 
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(003181 Sphingomyettn Content Results show that animals fed the GG diet markedly 
increased SM content in microdomains by 57% (PO.004), compared to animals fed the 
CJONT diet (Figure S-B). No change in SM content in the microdomain was observed in 
animals fed either the PUFA diet or the CONT diet. This result demonstrates that dietaiy 
gangUoside directly increases SM content in intestinal microdomains in developing 
animals. 

[00319] Cholesterol Content of Microdomains. Animals fed the GG diet showed 
significantly lower levels of cholesterol in microdomains. compared to animals fed the 
CONT diet for 2 wks (Figure S-Q. Animals fed the PUFA diet exhibited a lower level of 
cholesterol in the microdomain. but the effect on cholesterol reduction in the microdomain 
was smaller than that observed after feeding &e GG diet TMs result suggests that 
cholesterol reduction induced by dietary gangUoside in intestinal mucosa is probably due 
to a decrease in cholesterol content in the microdomain in where cholesterol is enriched 
[00320] Ratios ofawlesterol to Gangliosides and Cholesterol to Sphingomyelin 
Animals fed the GG diet showed a highly significant reduction in the ratio of cholesterol 
to GG, firom 31.3 to 18.9, in intestinal microdomains when compared to animals fed the 
CONT diet (Figure 7-A). Animals fed the PUFA diet did not exhibit a reduced ratio of 
cholesterol to gangUoside in intestinal microdomains compared to control animals. 
Animals fed the GG diet also decreased the ratio of cholesterol to SM in intestinal 
microdomains. The ratio fomid was 143, 1 17 and 63 for animals fed the CONT, PUFA, 
and GG diet, respectively (P<0.007; Figure T-B). These observations suggest Lt dietary 
gangUoside increased SM content more than GG content in microdomains since the ratio 
of cholesterol to SM was more dramatically reduced by 56% in microdomains while the 
ratio of cholesterol to GG was decreased by 40% when compared to control anmxals. 
[003211 Figure 7 shows the ratio of cholesterol/GG (A) and cholesterol/SM (B) in 
intestinal microdomains after feeding different diets for 2 wks. Intestinal microdomains 
were prepared by a discontinuous sucrose density (5-35-45%) ultracentrifixgation from 
mucosa homogenates suspended by TME solution containing 2% v/v Triton-X 100. GG 
extracted from the Folch upper phase was purified by Sep-Pak C-1 8 cartridges and used 
for color densitometry analysis of total NANA content at 580 mn (Suzuki 1964). SM 
from the lower phase was identified on 'H' TLC plates in chlorofoim/methanol/2- 
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piopanol/0.2% KOH/triethylamine solvent system (45:13.5:37.5:9:27, by vol). Phosphate 
content in SM was measured by a known method gtoh et al, 1986). Cholesterol content 
was analyzed by using a test kit The ratio was obtained by dividing cholesterol content by 
either GG (P<0.05) or SM (P<0.01) content (mg/mg protein) in the microdomain. Data 
were presented as Mean ± SD with n=8 animals in each group. 

[003221 CaveoUn Content in Microdomains. Animals fed the GG diet or the PUFA diet 
exhibited significantly lower expression of caveolin protein in intestinal microdomains 
compared to animals fed the CONT diet (Figure 8-A). The blot intensity of caveolin in 
animals fed the GG and the PUFA diet was 55% and 45% lower, respectively, than that 
observed for animals fed the CONT diet (Figure 8-B). 

[003231 Figure 8 shows caveolin content detemiined by western blotting (A), and the 
intensity of blots (B) in intestinal microdomains fed control diet or treatment diets for 2 
wks. Intestinal microdomains were prepared by a discontinuous sucrose density (5-35- 
45%) ultracentrifugation firom mucosa homogenates suspended by TME solution 
containing 2% v/v Triton-X 100. Proteins lysed (approximately 25mg/lane) in SDS 
reducing sample buffer loaded onto 15% SDS-PAGE minigels and immunoblotted with 
anti-caveolin-1 antibody. A: lane I, caveoUn standard (21-24 kDa); lane 2-5. Control diet; 
lane 6-9; PUFA diet; lane 10-13, GG diet. B: Blot intensity was analysed by an Imaging ' 
Densitometer and each data represents the Mean ± SD derived from five animals (n=5) fed 
different diets. 

[003241 of Inflammatory Mediators, Diglyceride(DG) and Platelet 

Factor(PAF). DG and PAF content in microdomains was measured to determine if dietary 
ganglioside has potential anti-inflammatory effects r^ulting from reduction of pn,- 
inflammatory signals. Animals fed either the GG diet or PUFA diet showed lower levels 
of 1.2-DG and total DG content, but not in 1.3-DG. in microdomains compared to control 
animals (Table 7). Animals fed the GG diet significantly decreased 1,2-DG and total DG 
by 44% and 43% of controls, respectively. Animals fed the PUFA diet exhibited a smaller 
reduction compared to control animals (33% and 32% for 1,2-DG and total DG, 
respectively). Animals fed either the GG diet or the PUFA diet showed significantly lower 
levels of PAF in microdomains when compared to the animals fed the CONT diet (Figure 
6-B). Feedmg the GG or the PUFA diet decreased PAF content up to 59% and 47%, 
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respectively. Taken together, these results suggest that dietary gangUoside and PUFA have 
potential anti-inflammatoiy effects in developing animals and that dietary gangUoside is 
more effective in reducing two inflammatory factors than feeding PUFA. 



TABLE 7 

Content of 1,2-, 1,3-, and Total Diglyceride in Rat Intestinal Microdomains Fed Either Control 

or Experimental Diets' 



Diet Treatment 


Control 


PUFA 




GG 




1 ,2-diglyceride^ 


15.4 ± 2.3' 


10.4 ± 


3.3" 


8.6 ± 


4.4" 


1 ,3-diglyceride 


1.7 ± 0.2 


1.3 ± 


0.6 


1.2 ± 


0.2 


Total diglyceride 


17.1 ± 2.2' 


11.7 ± 


3.8" 


9.8 ± 


4.6" 



' Values are means ± SD of 8 rats. Witliin a row, values with different superscript 
^ letters are significantly different at P < Q009. "UHerscnpt 
Content was expressed as ug/mg protein. 



[00325J DISCUSSION 

[003261 Diet Induced-Change. Diet induced-change in the microdomain GD3 and GM3 
Content is significant because GD3 and GM3 are involved in cellular function. GM3 is co- 
localized with signalling molecules such as c-Src. Rho, and Fak in microdomains 
(Iwabuchi et al., 2000; Yamamura et al, 1997). GD3 activates T-cells (Ortaldo et al, 
1996) and has an anticarcinogenic effect in the mouse colon (Schmelz et al, 2000) Thus, 
these results may suggest that decreased GM3 alters signals related to these molecules a^d 
that increased GD3 (Figure 6.(A)) enhances immune function and gut protection during 
development. Our results showing accumulation of dietary gangliosides in the 
microdomains are supported by a previous study demonstrating that administration of 
['H]GM3 to Neuro 2a ceUs showed emichment of [^HIGMS in microdomains (Prinetti et 
al., 1999). These observations suggest that exogenous supplementation of gangUosides 
directly incorporates mto the microdomain. 

[00327] Cholesterol is an important Upid involved in compartmentahzing microdomains 
with Upids and proteins (Incardona et al, 2000). Recent studies found that viral pathogens 



41 - 



wo 2004/087173 



PCT/CA2004/000375 



and cholera toxin appear to reach the ER by caveolae (Lencer et al, 1995; Majoul et al., 
1996). However, cholesterol reduction in ceU membranes inhibits the invasion of mV-l 
(Popik et al, 2002), cholera toxin (Wolf al., 2002), and malarial parasite (Samuel et al, 
2001) by disruption of microdomain structure. Cholesterol depletion by drugs down- 
regulates caveohn gene expression (Hailstones et al, 1998). The present study confirmed 
that diet-induced cholesterol reduction in the microdomain also decreased caveohn protein 
expression. The present data therefore suggests a potential anti-infective effect of dietary 
ganghoside by reducing cholesterol content leading to less caveohn expression. 
[003281 The present study provides new information indicating dietary ganghoside 
decreased pro-mflammatory DG and PAF signals m intestinal microdomains in 
developmg animals. DG located in microdomains modulates the structure and function of 
microdomains through PKC (Liu et al, 1995; Smart et al., 1995). PAF bmds to a PAF 
receptor in cell membranes to initiate mflammatoiy signalling events (Flickinger et al, 
1999). Together, these observations suggest that PAF may colocalize in microdomains as 
eitiier ether phospholipids or with its receptors and that diet-mduced increase in 
gangUosides or decrease in cholesterol or caveolin in the microdomain may disrupt PAF 
and DG localization in the microdomain, thereby resulting in inhibition of mflammatory 
signalling events. 

[00329] This example shows that a physiological level of dietary ganghoside has anti- 
inflammatory effects in developing animals. Thus present results also iUustirate tiiat 
ganghosides have a protective role in gut development m infants. 

[00330] Examples 

[00331] Dietary Gangliosides a,ul Long-Chain PUFA Alter GD3 and Phospholipids in 
Neonatal Rat Retina 

[00332] Dietary long-chain polyunsaturated fatty acids (LCP) such as arachidonic acid 
(AA) and docosahexaenoic acid (DHA) have been shown to improve visual acuity in 
mfants (Birch et a/.,1998; Carlson et al, 1996; Faldella et al, 1996; and Hoffinan et 
a/..2003). It is thought that dietary LCP stimulate neonatal retinal development by altering 
membrane phospholipids, which in turn affect cell signahng pathways (Giusto et al, 1997; 
Huster et al, 2000). During early development, tiie ganghoside composition of the retina 
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also Changes significantly whereby GD3 becomes the primaiy gangUoside in mammaUan 
retina (Daniotti et al, 1994; Daniotti et al., 1990). Since gangUosides play an important 
role in neuronal ceU differentiation and proUferation (Byrne et al., 1983; Fujito et al., 
1985; and Ledeener al., 1998), this change in gangUoside profile may indicate retinal 
maturation. Here we show that a gangUoside diet enriched in GD3 increases gangUoside 
content by 39% in neonatal rat retina, with a relative increase in GD3. Furthennore, we 
demonstrate that dietary AA and DHA significantly increase the relative levels of GD3 in 
the retina of neonatal rats, providing evidence that dietary LCP affects gangUoside 
metaboUsm in the developing retina and suggesting a new mechanism by which these 
dietary Upids may promote maturation of photoreceptor cells. 
100333] INTRODUCTION 

[00334] An unusual simplified gangUoside composition is observed in adult retinal 
photoreceptor ceUs, compared to that in other central nervous system-derived neurons 
(Dreyfiis et al., 1996). Changes in specific gangUoside content occurs within 
photoreceptor cells during postnatal maturation to reach an end stage characterized by a 
predominance of GD3 in the outer retina and only trace amounts of less complex 
gangUosides (Dreyfiis et al., 1996). Since GD3 is the most prevalent gangUoside in fiilly 
mature mammalian retinas (Daniotti et al., 1990; Dreyfiis et al., 1996), it can be used as a 
biological marker to evaluate the stage of retinal development. Although the majority of 
gangUosides are localized in the inner retinal membranes, GD3 is primarily found in 
photoreceptors in the outer retina (Dreyfiis et al., 1996; Dreyfiis et a/.,1997), where it 
plays an important role increasing membrane permeability and fluidity (Barbour et al., 
1992; Seyfiied et al., 1985). 

[00335] In embryonic chicken retina, total gangUosides increase up to three-fold from the 
8-day-old embryo to the 15-day-old stage while GD3 content decreases by 50% Daniotti et 
al., 1994). In rats, GMl is downregulated and GDlb is upregulated during the period 
corresponding to formation of the outer segment, a time which correlates with onset of 
retinal fimction (Fontaine et al., 1998). The outer segments, photoreceptor ceUs. synaptic 
c6Us and rhodopsin kmase in the rat retina become fimctionally active between 10 and 30 
days after birth (Fontaine et al., 1998; Ho et al., 1986) during which time GD3 becomes 
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the predominant ganglioside (Daniotti et al.y 1990; Dreyfus et al., 1996; Dreyfus et al., 
1997). 

[00336] Dietary long-chain polyunsaturated fatty acids (LCP) such as docosahexaenoic 
acid (DHA) and arachidonic acid (AA) influence the Upid composition of retinal 
membranes, particularly during developmental stages (Birch et al., 1998; Carlson et al., 
1996; FaldeUa et al., 1996; Anderson et al., 1976; Carrie et al., 2002; and Suh et al., 
1994). 

[00337] Dietary DHA alters the Upid composition of neuronal tissues in retina and brain, 
affecting the turnover time for rhodopsin in photoreceptor membranes (Carrie et al., 2002; 
and Suh et al., 1994). Dietary DHA increases DHA levels, and levels of other very long- 
chain fetty acids in rod outer segment membranes in young rats, whereas it does not 
change the fatty acid composition of these retinal membranes in mature rats (Nishi2awa et 
al., 2003; Xi et al., 2003). Inclusion of DHA and AA in infant formulas improves visual 
development and acuity in infants, but Uttle is known about the biological basis for this 
effect GangHosides are associated with neuronal cell differentiation and prohferation 
processes including migration, neurite outgrowth, axon generation, and synapse formation 
(Byrne et a/.,1983; Fujito 1985; Ledeen et al., 1998; and Mendez-Otero et al., 2003), 
processes crucial to visual maturation, but the influence of dietary lipids on retinal 
gangUoside composition during development is poorly understood. 
[00338] In this example, we hypothesized that dietary gangliosides and LCP could exert 
biological effects on visual development through modification of retinal gangliosides, 
which change in composition during maturation. To test this hypothesis, we devised a 
study that would explore whether an LCP-enriched diet (LCP diet) or a gangUoside- 
enriched diet (GG diet) could alter retinal ganglioside composition during early 
development of neonatal rats. We found that the GG diet caused a 39% increase in the 
total retinal gangUoside content, indicating that gangUosides can be absorbed and 
incorporated into body tissues (Figure 9). 

[00339] More unusual was the finding that the LCP diet as well as the GG diet caused 
significant increases in the relative proportion of GD3, by 19% and 13%, respectively 
(Table 8). The specific increase in this particular ganglioside may indicate that dietary 
gangUoside or LCP stimulate neuronal development in neonates through enhancing the 

-44- 



wo 2004/087173 



PCT/CA2004/000375 



e3q)ression of GD3, with possible implications for neonatal development of visual neural 
pathways and photoreceptor cell function. 

[00340] Concurrent with changes in ganglipside profile was an alteration in retinal 
phospholipid composition attributed to both the GG and the LCP diets. Both diets were 
associated with increases in the relative amoimts of phosphatidylinositol and lyso- 
phosphatidylethanolamine, and a decrease in phosphatidylserine and phosphatidylcholine 
(Table 9). There was no effect of the GO diet on total phosphohpids, whereas the LCP 
diet was associated with a decrease in total retinal phospholipids (Figure 9). All other 
parameters measured, including total retinal cholesterol content, remained unchanged with 
diet treatment. Phospholipid turnover alters electric surface potential by affecting calcium 
and cation concentration m rptinal rod outer segments (Hxister et aL, 2000) and is tightly 
regulated by Ught and phosphorylation-dephosphorylation reactions (Giusto et al, 1997). 
Thus, compositional changes in retinal phospholipids in response to dietary ganglioside or 
LCP may affect light adaptation and activation of protein kinases, which ultimately may 
lead to enhanced development of retinal function in neonates. 
[00341] Our study demonstrates that even small physiologic amounts of dietary 
gangliosides or LCP can have profound effects on the lipid profile of membranes within 
the developing retina. Further study is needed to assess the mechanism by which these 
dietary lipids exert the observed effects on retinal lipid composition and to detemiine 
whether other neural tissues ai-e similarly affected. 
[00342] MATERIALS AND METHODS 

[00343] Animals and Diets. Two experimental diets or a control diet were fed to male 
weanling (18-day-old, 40 + 4.5 g) Sprague-Dawley rats for two weeks. Animals had free 
access to water and one of three semi-purified diets containing 20% (w/w) fat The control 
diet was formulated as 80% basal diet 25 plus 20% fat as a triglyceride blend, reflecting 
the overall fat composition of infant formula. The LCP-enriched diet (LCP diet) was 
fomiulated by including 1% AA and 0.5% DHA by weight as triglyceride in the control 
diet The ganglioside-enriched diet (GG diet) was formulated by including in the control 
diet 0.1% by weight of a gangUoside-enriched powder (70-80% GD3, 9% GDlb, 5% 
GM3, 6% other gangliosides). The GG die/ also contained 0.2% (w/w) phospholipid and 
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0.07% (w/w) cholesterol. Body weight and food intake were measured every other day 
throu^out the experimental period. 

[00344] Collection of Retina, Lipid Extraction and Ganglioside Separatioiu After 
decapitation of animals, whole retinas were removed. All samples were weighed and kept 
in a -70°C freezer until analysis. Total hpids were extracted using the Folch method (Folch 
et al., 1957). Gangliosides were extracted into the Folch upper phase solution. The lower 
organic phase was washed twice with chlorofonn/methanol/water (3/48/47, v/v/v) and the 
upper phase extracts combined. GangUosides were purified by passing the upper phase 
extract through Sep-Pak™ C18 cartridges (Waters Corporation, Milford, MA) 
preconditioned with 10 mL of methanol, 20 mL of chlorofonn/methanol (2/1, v/v), and 10 
mL of methanol. Cartridges were then washed witii 20 mL of distilled water to remove 
salts and water-soluble contaminants. Gangliosides were eluted with 5 mL of methanol 
and 20 mL of chlorofonn/methanol (2/1, v/v), dried under N2 gas and then redissolved 
with 500 mL of chloroform/methanol (2/1, v/v). Gangliosides were stored at -70°C until 
analysis. 

[00345] Analysis of Ganglioside Content Measurement of total gangliosides as N-acetyl 
neuraminic acid (NANA) was performed as described by Suzuki (1964). An aliquot of the 
purified ganghoside sample was dried under N2 gas and dissolved with 0.5 mL each of 
distilled H2O and resorcinol-HCl (Svennerhohn, 1957). The purple-blue color developed 
by heatmg was extracted into butyl acetate/butanol (85/15, v/v). Optical density was read 
at 580 mn. Commercial NANA (Sigma, MO) was used as a standard. 
[00346] Individual gangliosides were separated by silica gel high performance thin layer 
chromatography (HPTLC; Whatman Inc, Clifton, NJ) in a solvent system of 
chloroform/methanol/0.2 % (w/v) CaCl2-2H20 (55/45/10, v/v/v) and identified using 
ganglioside standards GM3, GM2, GD3 and bovine brain ganglioside mixture (Alexis, 
San Diego, CA). Individual gangliosides were recovered and measured as described 
above. 

[00347] Analysis of Phospholipid Content. Phospholipids were separated from total 
retinal Upids by thin layer chromatography (TLC) on silica gel 'G' (Fisher Scientific, CA) 
using chloroform/methanol/water, (65:35:6, by vol.). Individual phospholipids were 
resolved on siUca gel 'H' TLC plates using chloroform/methanoy2-propanoy0.2% 
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KOH/triethylamine (45:13.5:37.5:9:27, by vol), and identified by comparison to authentic 
phosphoUpid standards (Sigma, MO). Plates were visuahzed by 0.1 % aniUnonaphthalene 
solfonic acid under UV exposure. Lipid fractions were recovered and Upid phosphate was 
measured according to the method of Itoh et al, (1986). 

[00348] Statistical analysis. Six retinas from three animals were pooled to constitute one 
repUcate to analyze retinal Upids because of the smaU amount of lipids in the retina. 
Values presented are mean ± standard deviation (SD) from 6 replicates (n = 6) except for 
individual phosphoUpid analysis (n = 5). Significant differences between the control group 
and experimental groups were detemiined by one-way analysis of variance (ANOVA) 
with SAS (SAS Institute Inc, V6, Fourth Edition, Gary, NC). Significant effects of diet 
treatment were determined by a Duncan multiple range test at a significant level of P < 
0.05. 

[00349] RESULTS 

[00350] Aniinal Growtit and Tissues. The initial and final body weight of animals, food 
consumption or retina weight after 2 weeks feeding of experimental diets was not different 
among groups. 

[003511 Ganglioside Content, Composition and Ratio ofGTlb to GD3 in Retina. 
Animals fed the GG diet increased total gangUoside content in the retina by 39% 
(P<0.001) when compared to animals fed the CONT diet, indicating bioavailabihty of 
dietary gangUoside. Feeding animals either the LCP or the GG diet showed an increase in 
the relative percentage of GD3 in the retina in comparison with feeding animals the CONT 
diet (by 19% and 13%, respectively).. The composition of GM3, GMl, GDla, GDlb and 
GTlb was not changed by either diet fed. The ratio of GTlb to GD3 in the retina was 
reduced in the both LCP and GG fed animals compared to animals fed the CONT diet. 
[00352] Figure 9 illustrates the total content of a) gangUosides and b) phosphoUpids in 
the retina of control and treatment groups. Values are the mean ± SD of 6 samples. 
Asterisks represent significant difference at levels of p < 0.0008 and p < 0.001, 
respectively. 

Table 8 

Pereent composition of gangUosides in the retina of animals fed different diets* 
Gangliosfde ^ Control LCP qg 

Significant effect 
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Of diet (p < x) 



GM3 


7.6 




2.8 


5.8 


± 


3.2 


7.7 


± 


2.3 


GM1 


7.3 


± 


1.8 


6.8 


± 


2.0 


7.7 


± 


2.2 


GD3 


25.0 


± 


1.8" 


29.8 


+ 


1.7" 


28.2 


± 


3.5" 


GD1a 


14.3 


± 


3.3 


15.4 


± 


3.5 


16.1 


± 


1.8 


GD1b . 


19.1 


± 


2.2 


19.0 


+ 


2.4 


16.7 


± 


1.0 


GT1b^ 


26.9 


± 


2.9 


23.2 


± 


3.1 


23.6 


± 


1.3 



^ Values are mean ± SD where n = 6 for each group. Percentage of gangliosides was measured 
as % of total NANA content (^ig/retlna) In the ganglioside fraction. 

^ Nomenclature of gangliosides is described by Svennerhplm. 

^GT1b fraction included GQ1b fraction because of close proximity during TLC separation. 

[00353] Phospholipid Composition. Feeding animals tiie LCP diet, but not the GG diet, 
reduced total phospholipid content in the retina compared to animals fed the CONT diet. 
Animals fed either the LCP diet or the GG diet showed lower levels of 
phosphatidylinositol and lyso-phosphatidylethanolamine (PE) and higher levels of 
phosphatidylserine and phosphatidylcholine (PC) compared to animals fed the CONT diet. 
PE and sphingomyelin (SM) were not changed by either diet treatment fed. Ratios of PE to 
PC, major phospholipids in the retina, and PC to SM were not affected by both the LCP 
and GG diet treatment. 

Table 9 

PercOTt composition of phospholipids in the retina of animals fed different diets^ 

Significant effect of 

Phospholipid ^ Control LCP GG diet (p < x) 



PE 


35.2 


+ 


4.7 


33.4 


+ 


1.5 


34.4 


+ 


2.3 




PI 


7.4 


+ 


1.6° 


5.1 


+ 


1.3" 


4.6 


+ 


0.7" 


0.01 


PS 


2.3 


+ 


0.4" 


2.8 


+ 


0.4* 


3.1 


+ 


0.1° 


0.01 


LPE 


8.3 


+ 


0.6" 


6.6 


+ 


0.4" 


6.4 


+ 


1.0" 


0.001 


PC 


40.4 


+ 


3.3" 


45.5 


+ 


2.8' 


45.6 


+ 


2.7* 


0.04 


SM 


6.5 


+ 


1.3 


6.6 


+ 


2.2 


6.0 


+ 


0.7 





^ Values are the mean ± SD for n = 5 in each group. Percentage of phospholipids was 
measured as phosphate content (|ag/retina) in the phospholipid fraction. 
^ PE == phosphatidylethanolamine, PI = phosphatidylinositol, PS = phosphatidylserine, 
LPE = lysophosphatidylethanolamine, PC = phosphatidylcholine, SM = sphingomyelm 
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[003541 Cholesterol Content Cholesterol content in animals fed either the LCP or GG 
diet was not different from that of animals fed the CONT diet Anunals fed dietary 
gangUosides exhibited a highly significant reduction in the ratio of cholesterol to 
gangHosides and phosphoUpid to gangUosides compared to retinas of animals fed the 
CONT diet. (28%, P<0.005 and 30%. P<0.0003, respectively). Feeding animals the LCP 
diet reduced the ratio of cholesterol to gangUosides and phosphoUpids to gangUosides, but 
not the ratio of cholesterol to SM, compared to animals fed the CONT diet. The ratio of 
cholesterol to phosphoUpids in animals fed the LCP increased compared to anunals fed the 
CONT diet. No change was observed in the ratio of cholesterol to phosphoUpid and 
cholesterol to SM in animals fed the GG diet compared to controls. 
[00355] DISCUSSION 

[003561 Dietaiy GG or LCP modifies the Upid classes and the composition of 
gangUosides and phosphoUpids in the developing retina. For example, animals fed the 
LCP diet increased Ihe relative percentage of GD3, but not total ganglioside content, 
compared to animals fed the CONT diet. The increase in the relative percentage of GD3 
was accompanied with significant changes in total and individual phospholipids. The 
effect of dietary LCP on the compositional change of GD3 may suggest that dietary LCP 
mfluence activity of GD3 synthase, an enzyme in the outer retina required to synthesize 
GD3 from GM3 (Daniotti et al, 1992). Trafficking of DHA-containing PL from the trans- 
Golgi network to the retina outer segment is accompanied with rhodopsin (Rodriguez et 
al, 1997). SphingoUpids including GG are enriched in microdomains called lipid rafts or 
caveolae, which are important domains for Upid trafficking. Thus, the present study 
suggests that diet-induced increase m GD3 mduced by Ihe LCP diet may influence the 
trafficking of DHA and rhodopsin from the trans-Golgi network to the outer segment of 
the retina. This result also imply that beneficial effects known that dietaiy LCP influence 
visual acuity by altering the LCP composition m the retinal membrane may be a 
synergistic effect of the compositional change of gangUosides m the retina. 
[00357] In the retina of the rat, the outer segments, photoreceptor cells, synaptic cells and 
rhodopsin kinase become fimctionaUy active between 1 0 days and 1 month after birth 
(Fontaine et al, 1998; Ho et al, 1986) while GD3 becomes the predominant gangUoside 
(Daniotti et al, 1990; Dreyfias et al, 1997; and Dreyfiis et a/..1996). GD3 in the outer 
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retina is involved in increasing membrane penneability and fluidity and is enriched in 
differentiated retinas. Since animals used in the present study were fed for 2 wks from 17 
days of age, this study suggests that dietary LCP and GG may stimulate retinal matiuration 
and development by increasing GD3 content. 

[00358] Change in the ratio of cholesterol to gangUosides may induce signal transduction 
for retinal development as known functional involvement of Upid microdomains. The 
finding that animals fed the LCP or the GG diet showed significant changes in the ratio of 
cholesterol to gangliosides suggests structural and fimctional changes of microdomains in 
retinal membranes. For instance, administration of gangUosides into the plasma membrane 
of MDCK cells displaces GPI-anchored signaling proteins &om microdomains (Simons et 
al., 1999). Exogeaous addition of [^H]GM3 to mouse neuroblastoma Neuio2a cells shows 
emichment of [^H]GM3 in microdomains resulting in induction of neuritogenesis by c- 
SRC activation (Prinetti et al, 1999). 

[00359] In summary, this study demonstirates tiiat dietary LCP and gangliosides modify 
metaboUsm of phosphoUpids and gangUosides in developing retinal membranes. The 
present study indicates that a smaU physiologic amount of phospholipids or gangUosides 
has a profound effects on tiie lipid profile of membranes in the retina. The bioavailabiUty 
of gangliosides in the diet is high rapidly altering the GD3 composition in structural 
components of the photoreceptor membrane. Dietary gangUosides would thus alter 
ganglioside content in other neuronal cell types. 

[00360] Example 6 

[00361] Diet Induces Change in Membrane Gangliosides in the Intestinal Mucosa, 
Plasma and Brain 

[00362] In this example the role of gangUosides in plasma membranes of mammaUan 
ceUs as biologicaUy important molecules is examined. GangUosides are involved in ceU 
differentiation, proUferation, neuritogenesis, growth, inhibition, signaling and apoptosis 
(Byrne et al, 1983; De Maria et al, 1997; Ledeen ,1989; and et aL,\996). GM32 and 
GMl can act as receptors for enterotoxins such as rotavirus in animals (Rolsma et al, 
1998) and Vibrio cholerae and Escherichia coU in humans (Laegreid et al, 1987). GD3 
stimulates T-cell activation in human peripheral blood lymphocytes (Ortaldo et al., 1996; 
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Welte et a/..1987). GangUoside content and composition is significantly different between 
stages of development. For example, in human brain, GMl increases from birth to the age 
of 1 year while GDla decreases in the white matter (Vanier et al., 1971). The ratio of 
GM3/GD3 is about 0.2-0.3 in human colostrum while the ratio is greater than 3 in mature 
milk since GM3 gradually becomes a major ganglioside upon lactation (Takamizawa et 
al, 1986). Recent studies have also shown neuroprotective effects of GMl. GMl 
treatment of neonatal rats prevents hypoxic damage (BCrajnc et al., 1994). GMl 
intervitreally injected is protective against rat retinal ischemia induced by pressure 
(Mohand-Said et al, 1997), and intravenous administration of GMl reduces infarct 
volume caused by focal cerebral ischemia (Lazzaro et al., 1994). Despite evidence that 
gangUosides are involved in development, it is still not clear if dietary gangUosides induce 
changes.inmembranegangUosidesorwhereGM3 and GD3 are localized in the enterocyte 
membrane. This information is vital to understanding the biological functions of these 
molecules during the period of development in which their role is the most significant. 
[003631 The cholesterol content of membrane is also impoitant in maintaining an optimal 
cell membrane environment. Recent work shows that cholesterol homeostasis is related to 
sphingomyelin content (Slotte 1999), and cholesterol absorption is regulated in part by 
sphingomyelin content in intestinal cell membranes (Chen et al, 1992). Cholesterol is 
enriched in membrane microdomains such as rafts and caveolae, perhaps mediating signal 
transduction (Maekawa et al.., 1999). GangUosides have the same ceramide as the 
anchored hydrophobic moiety of sphmgomyelin, with the only difference occurring in a 
polar head group. No studies have reported the effect of gangUosides on cholesterol 
turnover or membrane content of cholesterol in vivo. 

[003641 The present research was designed to determine whether dietary gangUoside 
increases the content of total and individual gangUosides and affects the level of 
cholesterol, thereby changing the ratio of cholesterol to gangUosides in the intestinal 
mucosa, plasma and brain in developing rats. This is also the first study showmg the 
locaUzation of GM3 and GD3 in the enterocyte membrane. 
[00365] MATERIALS AND METHODS 

[003661 Animals and diets. Male 18-day-old Sprague Dawley rats (n = 24), average body 
weight 40 ± 4.5 g, were randomly separated into 3 groups of 8 with 2 or 3 rats housed in 
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each polypropylene cage. Animals were maintained at a constant temperature of 23°C and 
a 12 h Ught/daik cycle. Animals had free access to water and one of three semi-purified 
diets containing 20% (w/w) fat for 2 weeks. The composition of the basal diets fed has 
been reported (Clandinin et al, 1980). Animal body weight and food intake were recorded 
every other day throughout the experiment. The control diet fat was a blend of 
triglyceride, which reflected the fat composition of an existing infant formula. Dietary 
fatty acids were composed of about 31o/„ saturated fatty acids. 48% monounsaturated fatty 
acids and 21% polyunsaturated fatty acids with a ratio of 18:2n-6 to 18:3n-3 of 7.1. Two 
experimental diets were formulated by adding either sphingomyeUn (SM, 1% w/w, Sigma. 
MO. USA) or a gangUoside-enriched Upid (GG. 0.1% w/w. New Zealand Dairy. New 
Zealand) to the control diet GangUoside-enriched Upid consisted of about 45-50% (w/w) 
phosphoUpids and 15-20% (w/w) gangUosides. The cholesterol content was <0.35% w/w 
total Upid. The gangUoside fraiition contained about 80% w/w GD3, with GDlb, GM3 and 
other gangUosides accounting for 9, 5 and 6% w/w, respectively. 
[003671 CoUection ofSmnples. After anesthetizing animals with halothane, blood was 
collected by cardiac puncture and immediately spun at 1000 x g (JA-20 Rotor. Beckaian. 
USA) for 30 min to recover plasma. Following decapitation, the brain and small intestine 
Oejunum to ileum) were excised. The intestine was washed with ice-cold 0.9% saUne 
solution to remove visible mucus and dietary debris, opened and moisture was carefully 
removed with a paper towel to coirectly measure mucosa weight. Intestinal mucosa was 
scraped off with a glass sUde on an ice-cold glass plate. All mucosa samples were weighed 
and kept in a -70°C freezer untU extraction. 

[00368] Immunofluorescence siuOy. Intestinal sections were coUected from animals. 
Samples were washed with cold phosphate buffered saUne (4«>C). cut into 5 mm pieces and 
fixed with 4% paraformaldehyde in PBS for 1 h at 4«'C. After washing with cold PBS. 
samples were infiltrated with 15% and 30% sucrose in PBS for 90 min and overnight,' 
respectively, at 4°C for cryostat protection. The tissue sections were placed on plastic' 
molds and covered with embedding medium by optimal cutting temperature (O.C.T.; 
Tissue Tek. Sakura Finetek USA) on dry ice. Frozen sections (1 mm thickness) were' 
mounted on polylysine-coated microscope sUdes and washed in cold PBS for 30 min at 
room temperature. The sections were blocked with 2% bovine serum albumin in PBS for 1 
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h at room temperature and then incubated with anti-ganglioside GM3 (Mouse IgM, 
Seikagaku Co.. USA) (diluted 1 :25), or anti-gangUoside GD3 monoclonal antibody 
(Mouse IgM, Seikagaku Co., USA) (diluted 1 :25), for 2 h at room temperature. After 
washing the sections 3 times for 10 min with cold PBS, the sections were incubated with 
fluorescem isothiocyanate (FITC)-conjugated anti-mouse IgM (Sigma, MO, USA) (diluted 
1 :300) for 1 h at room temperature in the dark room and washed with PBS again 3 times 
for 10 min. After staining, a drop of N-propyl gallate was added onto the section before 
mounting a cover sUp. All samples were sealed with nail poUsh and examined with a 
confocal microscope (Zeiss Confocal Laser Microscope 510. Carl Zeiss, Germany) with 
an Argon laser Une (488nm excitation, barrier filter LP505, Plan-Neofluar 40X, 1.3 oil 
immersion objective). 

[00369J Goiiglioside extraction andpurification. Total Upid was extracted using the 
Folch method (Folch et a/.,1957). For extracting gangUosides, the lower phase was 
washed twice with Folch upper phase solution (chloroform/methanol/water, 3/48/47 by 
vol.). The upper phase gangliosides were pooled and then purified by passing through Sep- 
Pak™ C18 cartridges (Waters Corporation, Milford, MA, USA) prewashed with 10 mL of 
methanol, 20 mL of chloroform/methanol (2/1, v/v), and 10 mL of methanol as described 
by Williams and McCluer (1980). The upper phase extract was loaded onto C18 
cartridges. Cartridges were then washed with 20 mL of distilled water to remove salts and 
water-soluble contaminants. GangUosides were eluted with 5 mL of methanol and 20 mL 
of chloroform/methanol (2/1, v/v). dried under N2 gas and then redissolved with 500 mL 
of chloroform/methanol (2/1, v/v). GangUosides were stored at -70°C until analysis. 
[00370] Analysis of total and individual gangUoside content by measuring NANA 
[00371] Total NANA-gangUosides were measured as described by Suzuki (1964). An 
aliquot of the gangUoside sample purified by Sep-Pak C18 cartridges was dried under N2 
gas and dissolved with each of 0.5 mL of distiUed H20 and resorcmol-HCl (Svennerhohn 
1957) in screw-capped Teflon-Uned tubes. The purple blue color developed by heating 
was extracted into butylacetate^utanol (85/15, v/v) solvent. Optical density was read by a 
spectrophotometer (Hewlett Packard, 8452A) at 580 nm. For quantitative analysis, N- 
acetyl neuraminic acid (Sigma, MO, USA) was used as a standard. 
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[00372] Individual gangliosides were separated by siUca gel high performance thin layer 
chromatography (HPTLC; Whatman Inc, CUfton, NJ, USA) along with standards of 
gangUoside GM3, GM2, GD3 and bovine brain gangUoside mixture (Alexis, San Diego, 
CA, USA) in a solvent system of chlorofonn/methanol/0.2 % (w/v) CaCl2-2H20 
(55/45/10, by vol.). Individual ganglioside fractions were scraped off and measured as 
described above. 

[00373] Cholesterol assay. Cholesterol analysis was completed with a test kit (Sigma, 
MO, USA). 

[00374] Statistical analysis. The values shown are means ± standard deviation (SD). 
Significant differences between the control group and experimental groups were 
determined by one-way analysis of variance (ANOVA) with SAS. Significant effects of 
diet treatment were detemuned by a Duncan multiple range test at a significance level of 
p<0.05. 

[00375] RESULTS 

[00376] Animal growth and tissues. There were no significant differences among the 
control, SM and GG groups either in terms of the initial body weight of animals or their 
final weight after 2 weeks feeding of experimental diets (Table 10). Brain weight, 
intestinal mucosal weight and intestinal length were not affected by dietary treatment. 
Food consxmiption was not influenced by diet. 



Table 10 

Weight of Animals and Tissues Fed Control or Btperimental Diets' 



Diet Treatment: 


Control 


SM 


GG 


Initial Body Wt (g) 


39.9 ± 4.5 


40.6 ± 4.4 


40.3 ± 4.5 


Final Bo^Wt.(g) 


117 ± 13.5 


118 ± 12.1 


120 ± 13.1 


Intestine Length (cm) 


82.0 ± 5.8 


79.8 ± 6.2 


84 ± 6.0 


Mucosa Wt. (g) 


2.1 ± 0.3 


2.2 ± 0.3 


2.1 ± 0.3 


Brain Wt.(g) 


1.8 ±0.1 


1.8 ±0.1 


1.7 ± 0.1 



'Values are mean ± SD wifli 8, 8, and 6 for mucosa, plasma and brain, respectively. 
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[003771 ne locaUzaUon ofGm ani OD3 ,„ me ..ueroc^ ty confocal «icrosa^. 
Ix,oalizrfon of GM3 and C3D3 in flie enterocyte was determined using a confocal 
nucn>scopc GM3 stain«i with FTTC-conjugate was ataost exclusively locali«da.the 
apical membrane of the enterocyt. (Figure 10). The majority of the GD3 was found in the 
basolatenU membrane of the en,en,cy.e with only mmor staining in the apical membr«re 
(Figure 10). 

[00378] Figure 10 shows immunofluorescent detection of GM3 localization 
mununofluorescent detection of GM3 in intestinal viUi was analyzed with (B D) or 
without (A. C) treatment of anti-GMS visualized with FITC-conjugate IgM a^d confocal 
rmcroscopy. GM3 was almost exclusively localized at the apical membrane of enterocytes 
[003791 Figure 11 shows Immunofluorescent detection of GD3 localization 
nnmunofluorescent detection of GD3 in int^tinal villi was analyzed with (B D) or 
wxthout (A. C) treatment of anti-GD3 visuaHzed with FITC-conjugate IgM ax^d confocal 

imcroscopy.GD3 was mostly localized at the basolateral membrane with min^^ 
the apical membrane of enterocytes. 

[00380] Total ganglioside content in tissues and plasma. The effect of dietary 
gangUoside on total ganglioside content of the intestinal mucosa, plasma and brain from 
ammals fed the control and experimental diets for 2 weeks are shown (Figure 12) 
Ammals fed the GG diet had significantly higher ganglioside content in the intestinal 
mucosa, plasma and brain compared to control animals. The highest tissue level of 
ganghoside wa. observed in the intestinal mucosal membrane. The lowest level of 

gangUoside was found inbrainmembrane. No changemtotal ganglioside cont^ 
tissues or plasma was found after feeding the SM diet. 

[00381] Figure 12 illustrates the effect of dietary treatment on total content of 

^ghosidesin(A) the intestinal mucosa. (B)plasmaand(C) brain for a^^^ 

control or experimental diet for two weeks. Values are means ± SD. p<0.02 for A and 

C,andp<0.003 for B. Treatment values represent the meansofn = 7.8and6animals for 
mucosa, plasma and brain, respectively. 

[00382J ln^ualga,.,UosUUco„.posmonU,H.suesan4plasnu. Animals fed the GG 
dtet showed a higher level of GD3 and GQlb in the intestinal mucosal membrane 
compa,«l to control animals (Table U. p<0.001 and p<0.05. respectively). TWs result 
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was accompanied by significant reduction of gangHoside GM3, which is normaUy a major 
gangUoside in the intestinal mucosa. Feeding the GG diet did not affect the level of GM2, 
GMl, GDla, GDlb or GTlb in the intestinal mucosa compared to the control. Animals 
fed the SM diet did not exhibit any change in individual gangUoside patterns, but showed 
increase in GM2 compared to control animals (p<0.05). 

Table 11 

Composition of Gangliosides in flie Rat Intestinal Mucosa Fed Either Control or Experimental Diets' 



Diet Treatment: 



Control 



SM 



GG 



Ganglioside^ 








( 


[Vof 










GM3 


83.5 


± 


6.7" 


82.4 




7.5' 


76.4 


± 


6.9" 


GM2 


2.0 


db 


0.9" 


4.1 




2.4' 


2.8 


± 


0.8'" 


GMl 


2.7 


± 


1.7 


3.0 




1.7 


1.7 




1.2 


GDS" 


3.2 


± 


1.3" 


2.2 




0.9" 


7.5 


± 


1.9' 


GDla 


2.3 


± 


1.5 


2.8 


± 


1.5 


1.9 


± 


0.9 


GDlb 


1.9 


± 


1.0 


1.5 




0.8 


2.2 


± 


1.4 


GTlb 


2.1 




2.2 


1.6 




1.6 


3.1 


± 


2.2 


GQlb 

1 w . . 


2.3 


± 


1.6" 


2.6 




1.6" 


4.5 




1.6' 



d^rent?^p"<To5 * ""^^"^^ different superscript letters are significantiy 

-Nomenclature was referred from Svennerholm. 

^Expressed as a % of total gangUoside fraction. Values aresignificantiy different at P < 0.001. 



I00383J In plasma, only four major gangUoside fractions (GM3, GDla, GDlb and GTlb) 
were measured since the total gangUoside content was much lower compared to eitiier 
tissue. The GD3 firaction could not be quantified because unknown fi:action partially 
overlapped with GD3. Two minor gangUosides, GM2 and GMl, were faintiy visible on 
the TLC plate. Animals fed flie GG or SM diet did not show a significant change in tiie 
individual gangUoside composition of plasma compared to contorol animals (Table 12). 
There was a hrend toward increased GM3 in animals fed tiie GG diet compared to control 
animals (p<0.07). GDla and GDlb represented 33.9% to 36.0% and 16.1 to 19.6% of tiie 
plasma gangUoside fiaction, respectively. 
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Table 12 



Compositioii of GangHosides in Plasma of Rats Fed Either Control or Experimental Diets' 



Diet Treatment: 


Control 


SM 


GG 




Ganglioside 




(%)' 






GM3 


21.6 ± 3.3 


26.5 ± 3.5 


28.5 ± 


5.3 


GDla 


36.0 ± 5.5 


30.2 ± 3.6 


33.9 ± 


2.7 


GDlb 


16.3 ± 1.8 


19.6 ± 6.2 


16.1 ± 


3.5 


GTlb 
1 - 


26.1 ± 2.2 


23.7 ± 4.1 


21.4 ± 


5.5 



^Expressed as a % of the total ganglioside fraction. 

[00384] Brain gangUoside fractions were separated into 14 fractions as shown by Sonnino 
et al (1983). The five major gangUosides were GDla, GTlb, GDlb, GQlb and GMl. 
Minor components were GTla, GD3 and GM3. The remaining six fractions were collected 
as others. Animals fed the GG diet or SM diet exhibited no change in individual 
gangUoside composition in the brain compai ed to control animals (Table 13), but the total 
ganglioside content increased. 

Table 13 

Composition of Gangliosides in Brain of Rats Fed Either Control or Experimental Diets^ 
DIET Treatment Control ' sm" 



Ganglioside 








(%)' 










GM3 


2.5 




0.8 


2.8 ± 


1.5 


2.6 




0.5 


GMl 


6.3 


± 


0.3 


6.0 ± 


0.3 


6.2 




0.5 


GD3 


3.0 




0.7 


3.0 ± 


0.3 


3.0 


± 


0.5 


GDla 


23.2 




2.8 


24.0 ± 


2.0 


23.6 


± 


2.5 


GTla 


4.3 


± 


0.4 


4.5 ± 


0.3 


4.8 




0.5 


GDlb 


11.3 




0.8 


u.o' ± 


1.2 


11.4 


± 


0.9 


GTlb 


22.4 


± 


2.5 


21.7 ± 


1.6 


21.9 




0.9 


GQlb 


6.8 




0.3 


6.5 ± 


0.1 


6.4 


± 


0.6 


Others^ 


20.3 




4.4 


20.5 ± 


3.8 


20.0 




3.4 
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* Values are mean ± SD of 4 rats. 

^E3q)ressed as a % of the total ganglioside fraction. 

^Six minor fractions were gath^ed as ofhers. 



[00385] Cholesterol content in tissues and plasma. Animals fed the GG diet showed a 
lower level of cholesterol in the intestinal mucosa and brain, but not in the plasma, 
compared to animals fed the control diet (Figure 13). Animals fed the SM diet did not 
exhibit any change in total cholesterol content in the plasma and brain, but exhibited a 
significant difference in the intestinal mucosa compared to control animals (p<0.03). 
Unhke a previous report (Slotte 1999), the SM diet did not increase cholesterol content in 
the intestinal membrane, but reduced cholesterol content compared to animals fed the 
control diet. Animals fed the GG diet showed lower cholesterol in plasma compared to 
those fed the SM diet (Figure 13B). 

100386] Figure 13 illustrates the effect of dietary treatment on cholesterol content in (A) 
the intestinal mucosa, (B) plasma and (C) brain of animals fed either the control or 
experimental diets for two weeks. Values are means ± SD, p<0.03 for A and B, and 
p<0.0002 for C. Treatment values represent the means of n = 7, 8 and 6 animals for 
mucosa, plasma and brain, respectively 

[00387] Ratio of cholesterol to gangliosides. Animals fed the GG diet showed a highly 

significant reduction in the ratio of cholesterol to ganglioside in the intestinal mucosa, 

plasma and brain compared to animals fed the control diet (Figure 14), and a lower level 

of cholesterol in plasma compared to feeding SM, which is an appropriate single lipid 

control. Animals fed the SM diet also exhibited a reduced ratio of cholesterol to 

ganglioside in the intestinal mucosa and brain, but not in plasma compared to control 

animals. Of the three dietary treatments, the lowest ratio of cholesterol to ganglioside was 

observed in animals fed the GG diet. In contrast, the highest ratio was found in animals 

fed the control diet in both tissues but not in the plasma. In the plasma, the highest ratio of 

cholesterol to gangliosides was observed in animals fed the SM diet. 

[00388] Figure 14 illustrates the effects of dietary treatment on the ratio of cholesterol to 

gangUoside in (A) the intestinal mucosa, (B) plasma and (C) brain of animals fed either 

the control or experimental diets for two weeks. Data values are means ± SD, A: 

p<0.0007, B: p<0.OO2 and C: p<0.0001. Treatment values represent the means of n = 7 8 
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and 6 ammals for mucosa, plasma and brain, respectively. The ratio was obtained by 
dividing the tissue cholesterol content (mg/g wet weight) by the total tissue content of 
ganglioside (mg/g wet weight). 
[00389] DISCUSSION 

[00390] The notion that gangliosides may have beneficial effects in development has 
prompted studies of the influence of dietary ganglioside on intestinal and brain 
development. GMl acts as a receptor for cholera toxin and E. coH. GM3 is the major 
ganglioside in the enterocyte of humans and animals (Holgersson et al., 1988; Bouhours et 
a/., 1983) but the intracellular locaUzation is not known. The present study clearly shows 
that gangUosides GM3 and GD3 are localized at the apical and basolateral membmie of 
the enterocyte, respectively. As GM3 is the major gangUoside in the enterocyte of humans 
and ammals, the present study suggests that the different localizations of GM3 and GD3 
pK)bably have different biologic and/or physiologic functions for protection and 
development. GMl bound with cholera toxin is transcytosized from the apical to the 
basolateral membrane to activate the basolateral effecter, adenylate cyclase (Lencer et al 
1995). The present study did not examine the possibility that GM3, like GMl, may also be 
transcytosized. Total ganglioside content and individual ganglioside composition were 
sigmficantly changed, but the degree of change could not be quantitatively estimated by 
confocal microscopy. 

[00391] Dietary gangUoside significantly increases membrane gangUoside content in the 
mtestinal mucosa, plasma and brain, thereby having potential to cause developmental 
change. Increased membrane gangUoside in the intestinal mucosa might influence 
enterocyte immune functions since gangUosides activate immune functions and provide 
attachment sites for enterotoxins and viruses. Neonatal intestinal mucosa has a relatively 
low level of immunoglobuUn-containing ceUs after birth to about 2 weeks of age (Perkkio 
et al, 1980). Mother's milk and the intestine have a compensatory high level of 
gangUosides during this period (Bouhours et al, 1983; Carlson 1985), suggesting that 
gangUosides may have a key role in protection of the neonate from antigens. 
[00392J m the present example, increased membrane gangUoside was accompanied by 
changes m the individual gangUoside composition of the intestinal mucosa. GD3 was 
mcreased by feeding gangUosides while flie major gangUoside in the intestine, GM3 
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decreased coiiq)ared to control animals. Since GD3 activates T-ceUs and has an 
anticarcinogenic effect in the mouse colon (Schmelz et al, 2000), it is logical to suggest 
that increased GD3 might influence enterocyte functions and infection by altering the 
interaction with the developing immune system. In plasma, diet treatment considerably 
increased total ganghosides. but no change was found in the composition of individual 
gangUosides. In contrast to human serum, where GM3 is the major gangUoside (Senn et 
al., 1989), GDla was the major gangUoside in rat plasma. Dietary gangUoside markedly 
increased total gangUoside content in the brain compared to animals fed the control diet 
The present data siiggests that dietary gangUoside may affect brain development since an 
increase of gangUoside content in the brain may effect protection against neuronal injury, 
induce neurite growth, and is observed in well-fed animals compared to undernourished ' 
animals (Karlsson et al, 1978; Morgan et al, 1980). The present study agrees with 
previous results describing the pattern of major brain gangUosides. In rodents, GMl 
increases fiom the 3rd to 24th month (Aydin et al, 2000) during development (Sun et al, 
1972). The low level of GMl observed in the present study may be due to the younger 
animal age compared to that of previous work. The lack of significant change in individual 
gangUoside patterns observed in the brain may be attributed to a short experimental period 
(2 weeks), the lack of change in gangUoside patterns in the plasma or specific control of 
individual gangUoside composition in the brain. 

[00393] The SM content used in this experiment waJs relatively much higher (>10 fold) 
than the gangUoside content of the GG diet. This higher level of dietary SM did not alter 
tissue gangUoside content, suggesting that dietary GG is a better source for enhancing 
membrane GG and that dietary SM may not be used for GG synthesis during the early 
stage of development. 

[00394J The present example indicates lhat animals fed the GG diet exhibited a 
significant reduction of cholesterol content in the intestinal mucosa compared to animals 
fed the control diet. A disruption in microdomain structures caused by reduced cholesterol 
content may prevent endocytosis of toxins or invasions by bacteria (Paipal et al, 2001 ; 
Samuel et al, 2001). A similar result was also observed for animals fed the SM diet Long 
term feeding of 1% sphingolipid in the diet significantly reduces plasma cholesterol 
content (Kobayashi et al, 1997). Our study, in agreement with Imaizumi (Imaizumi et al. 
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1992), showed that feeding SM for two weeks did not alter plasma cholesterol content. 
This observation may be due to differences in age, diet, species or in vivo and in vitro 
experimental conditions. 

[00395] Animals fed the GG diet showed a significant decrease in cholesterol in the 
brain compared to animals fed the control diet. Cholesterol is maintained in the brain by 
regulating its de novo synthesis and the uptake of LDL-cholesterol as well as the release of 
HDL-cholesterol (Bastiaanse et al., 1997). Cholesterol turnover takes place very slowly in 
bram (Andersson et al, 1990). In comparison with Kobayashi et al, (1997), our data 
suggest that the effect of gangliosides on cholesterol reduction in the brain may be 
dependent on NANA combined with glycosphingoUpid since sphingolipids, such as 
cerebroside and SM that do not contain NANA, do not affect brain cholesterol content. 
[00396] It appears that individual gangUosides have different roles in the regulation of 
cell behaviour, as each gangUoside is localized in different enterocyte membrane sites. 
Cholesterol is an important factor involved in cell permeabiUty, fluidity (Rietveld et al., 
1998), gap junctions (Malewicz et al, 1990) and membrane microdomains called rafts or 
caveolae (Brown et al, 1998). Change in membrane cholesterol content in the intestmal 
mucosa and brain might affect membrane functions during development. 
[00397] The ratio of cholesterol to gangUosides was decreased in the intestinal mucosa, 
plasma and brain by feeding the GG diet compared to animals fed the control diet. 
Changes in this ratio, in both tissues and plasma, could suggest that dietary gangUosides 
alter membrane functions. This suggestion is supported by early studies showing that 
changes in membrane Hpid composition (Clandinin et al, 1991) and membrane cholesterol 
content (Rietveld et al, 1998) influence membrane functions. The present research also 
suggests that dietary gangUosides might affect the traffic of Upids and proteins in 
membrane microdomains since GM3 and GD3 are locaUzed in different sites and 
(glyco)sphingoUpids including gangUosides and cholesterol are the most abundant Upids 
present in rafls and caveolae (Incardona et al, 2000; Parton, 1994). The functions of 
caveolae are closely involved with cholesterol content (Incardona et al, 2000). Depletion 
of cholesterol content in caveolae inhibited the MAP kinase complex, stimulated Erk 
enzymes and increased mitogenesis (Fmiichi et al, 1998). 
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[00398] Gene expression of caveolin, a marker of protein for caveolae, was upregulated 
with cholesterol (Fielding et al., 1997), suggesting that cholesterol-protein interaction 
directly modulates gene expression important for cell development and behaviour. In the 
sarcolemma, reduction in cholesterol content results in increased Ca^^/Mg^*-ATPase 
activity and decreased Ca^^/Mg^^-ATPase activity when the level of cholesterol is high 
(Ortega et al., 1984). It is also logical to suggest that dietary ganglioside might influence 
intestinal immune functions by modulating the Upid profile in membrane lipid rafts since 
activation of signal transduction by IgE receptora and T-ceU receptors is dependent on 
membrane Upid rafts (Moran et al., 1998; Staufifer et al., 1997). 
[00399] In summary, this study suggests that dietaiy gangUosides are absorbed by liie 
intestine, remodelled in the enterocyte and induce changes in membrane total content of 
ganglioside and cholesterol in the intestinal mucosa and brain. The observations suggest 
that dietary ganglioside fed at a physiological level will alter membrane Upid profiles that 
influence membrane Amotions involved in a wide variety of cell functions in neonatal 
development. Infant formulas have lower levels of gangUosides and a different gangUoside 
composition compared to that of human breast millc (Pan et al, 2000; Sanchez-Diaz et al, 
1997). The bioavailability of dietary gangUosides demonstrated in this paper and the 
impact on the lipid composition of developing tissues indicates that these differences in 
feeding regimens are of biological importance. 

[00400] Example 7 

[00401] Dietary Ganglioside: Functions in tite IntestUie DuHng Development 
[00402] This example iUustrates &e role of dietary gangUosides in decreasing 
inflammatory factors PAF and DG in microdomains of the rat intestine. The intestines of 
rats fed either a control diet (Cont) or a diet high in gangUosides (GO), as described in 
previous Examples, were assessed for GM3 and GD3 in microdomains. The methodology 
used for assessing gangUoside composition is as described in previous Examples. 
[00403] The increase in GD3 composition of microdomains for animals fed the 
gangUoside-enriched diet correlated to a decrease in both PAF and DG in microdomains. 
These parameters are indicative of a decrease in inflammatory factors in the intestine and 
thus show inflammation mediation induced by dietary gangUosides. 
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[00404] Figure 15 illustrates the composition of GM3 and GD3 in microdomains of rat 
intestine. "While GM3 is reduced on the GO diet, GD3 is increased. 
[00405] Figure 16 illustrates the composition of PAF and DG in microdomains of rat 
intestine. Both PAF and DG are reduced with a GG diet. Data shown is presented on a 
^ig/mg protein basis. 

[00406] Figure 17 illustrates the caveoUn content of microdomains for animals fed a 
control, PUFA or GG diet. The presence of caveolin is reduced for both the PUFA and 
GG diets, relative to control. This decrease in caveolin protein, a marker of 
microdomains, was observed in rat intestines from animals fed a gangUoside-enriched diet. 
A reduction in caveolin is also indicative of a reduced likelihood of bacterial and/or vural 
infection through an intestinal entry route. 

[00407] Examples 

[00408] DUaary GangUosides Effect Plasma Lipid Content and Ratios of Plasma Lipids 
[00409] This example iUustrates the effect of dietary gangliosides on decreasing plasma 
hpid content, specifically cholesterol and triglyceride, as well as the Upid ratios 
cholesterol: NANA and cholesterol: phosphorus in the rat. 
[00410] Plasma was sampled from rats fed either a Control, SM or GG (high in 
gangUoside) diet, as described in previous Examples. Plasma NANA, phosphorus, 
cholesterol, and triglyceride, was evaluated as described in previous Examples. 
[00411] Figure 18 illustrates that feeding a diet high in ganghoside resulted in decreased 
plasma cholesterol and triglyceride. This finding suggest reduced cholesterol and Hpid 
absorption from the intestme. Further, because of the decreased cholesterol and increased 
NANA with the GG diet, a striking reduction in the cholesterol: NANA ratio was 
observed, illustrating that the GG diet effects Upid composition in plasma. 

[00412] Example 9 

[00413] Pr^aration of a Crude Fraction Enriched in Natural Gangliosides 
[00414] This example provides a formulation of natural gangliosides which may be used 
according to an embodiment of the invention. The crude fraction described is derived 
firam whole milk, and in particular, fat globules from whole milk. 
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100415] The initial step in preparing the crude fraction involved in MFGM isolation 
involves separating the fat globules fiom fresh, uncooled milk. Centrifugation at low g 
forces readily separates all but the smallest fat globules from milk, and helps to minimize 
physical damage to the fat globules (Patton et al, 1975; Mather, 1987). The second step 
in the process is to wash the fat globules, this will remove entrained or adsorbed 
components of milk serum as well as caseins and whey (Keenan et al, 1988). Washing 
involves resuspension and reflotation of Upid globules in buffered or uiibufiFered water 
made isotonic with milk serum by addition of sucrose or sodium chloride (Keenan et al, 
1988). Two wash cycles at temperatures above 25'C is sufficient to remove caseins and 
whey proteins from globules prepared in a laboratory centrifiige, while milk separated via 
a mechanical cream separator may require 3 or 4 washes (Keenan et al, 1988). The final 
composition of the material that is recovered as MFGM will vary according to the method 
and extent of washing of hpid globules (Keenan et al, 1995), and thus intermittent 
analytical testing carried out to ensure that the product yield and composition conform to 
specifications. 

[00416] The final steps in tiie procedure release the membrane from the globule via slow 
and successive freeze/thaw cycles. Finally, the membrane is pelleted via centrifiigation at 
100 000 X g for 60-90 mins (Patton et al, 1975). 

[00417] SmaU milk batches of 1 0 L can be used to test the method during the intial 
phases of progressing to 100 L, and finally to 1000 L batches. 

[00418] The above-described embodiments of the present invention are intended to 
be examples only. Alterations, modifications and variations may be effected to the 
particular embodiments by tiiose of skill in the art witiiout departing from the scope of the 
invention, which is defined solely by the claims appended hereto. 
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